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WYETH PRODUCTS IN CLINICAL INV ESTIGATION 


Wypbase* 


(hyaluronidase, Wyeth) and the Treatment of Traumatic Swellings 


One of a series of reports on current and future trends in therapy 


A new treatment for traumatic swelling, with 
Wypase (hyaluronidase. Wyeth) as the thera- 
peutic agent, is described by Benzer! in a paper* 
reviewing 54 cases. The treatment ts Saad upon 
a correlation of the pharmacology of the drug with 
our present-day concept of inflammation. 

Several striking series of photographs in the 
Benzer paper illustrate with convincing clarity 
how Wypasr reduces swelling, in from ten min- 
utes to an hour. 

Traumatic swelling is basically due to accumu- 
lation of inflammatory exudate?#4 accompanied 
by obstruction of lymph 
dase breaks down hyaluronic acid? a mucopoly- 
saccharide which is a constituent of the ground 
substance of the connective tissues.* en- 
hances diffusion and absorption of fluids confined 
by such a barrier.!! Clinic ally, this means not only 
reduced swelling, with the probable consequence 
of more rapid healing, but also, as Benzer points 
out, lessened impairment in function and easing 
of pressure, pain and tension, 

The dosages used varied from 150 TR to 500 
TR units.** The enzyme was diluted with saline 
in quantities from 3 to 6 ce., and, after injection, 
pressure was maintained in the swollen area by 
means of pressure bandages or packings and 
hand-massage. 


A. Postoperative swelling of forty-eight hours’ duration. 
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A typical case! history follows : 

A 70-year-old woman with impacted left man- 
dibular third molar. Extraction was performed; 
48 hours later she presented marked indurated 
swelling of the right cheek, intra-and extraorally. 
Great decoumbee due to tension, partial trismus, 
pouc hing of the buccal mucosa, and ecchymosis. 

Treatment: Wypase, 300 TRU, single intraoral 
injection, 

Response: After 1] hour, the area was soft and 
25 per centsmatler. Flattening of the buccal pouch 
a decrease in trismus brought marked subjec- 
tive relief. Twenty-four hours later no symptoms 
were present other than soft pufliness. 

Summary: Benzer concludes that the property 
of causing incre ased tissue permeability makes 
Wypase e fective in reduci ing swelling in selected 
ladications, including postoperative and trau- 
matic edema. It concurrently diminished sub- 


jective symptoms such as pressure, and 


tension. It lessens trismus and — types of 
impaired function, and is valuable in’ reducing 
injection hematomas. Benzer notes ave as have 
others —that ts virtually nontoxic. 


* From the Departments of Oral Surgery, Bellevue Hospital and 
New York University College of Dentistry. 

* TRU (urbidity-reducing unit) of hyaluronidase is the amount 
that will in 30 minutes reduce the turbidity produced by 0.2 
mg. of hyaluronic acid Gnixned with serum) to that 
produced by 0.1 mg. under standard conditions. 


B. Postoperative swelling fifty minutes following injec tion of 
Wrobase (hyaluronidase, Wyeth). Note reduction of swell- 
ing. Softenmy and other symptomatic relief was marked. 
(With permission of the author.) 
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A COMPARISON OF THE METABOLISM OF FRUCTOSE AND 


GLUCOSE IN HEPATIC DISEASE AND DIABETES 


MELLITUS! 


By LLOYD H. SMITH, Jr.,2 RICHARD H. ETTINGER,? ann DAVID SELIGSON,? 
WITH THE TECHNICAL ASSISTANCE OF SARA LIGHTCAP 


(From the Department of Hepatic and Metabolic Diseases, Army Medical Service Graduate 


INTRODUCTION 


Early interest in the comparative metabolism of 
fructose and glucose in diabetes mellitus was stim- 
ulated by Minkowski’s demonstration that fruc- 
tose produces liver glycogen readily in depan- 
creatized dogs (1). Further studies showed that 
diabetic patients utilize oral fructose more readily 
than glucose (2). This work has been confirmed 
and extended by Miller, Drucker, Owens, Craig, 
and Woodward (3), and by Weichselbaum, EI- 
man, and Lund (4), who have emphasized the 
increased production of lactate, pyruvate, and ci- 
trate during fructose infusion. Chernick and 
Chaikoff have demonstrated that diabetic rat liver 
utilizes fructose at a normal rate in vitro (5). 
Others have shown that fructose is utilized or con- 
verted to glycogen more efficiently than is glucose 
in several types of liver damage in experimental 
animals (6, 7). 

The present experiments were designed to 
quantitate the rate of utilization of fructose in nor- 
mal subjects and in patients with the decreased glu- 
cose tolerance of parenchymal liver disease and 
diabetes. The results indicate that fructose is 
utilized rapidly in normal subjects and at a near- 
normal rate in the presence of marked impairment 
of glucose tolerance. Characteristic differences in 
the response of serum inorganic phosphate and of 
intermediary compounds of carbohydrate metabo- 
lism are demonstrated. 


METHODS 


Subjects for study were selected from the wards of 
Walter Reed Army Hospital. The normal control group 
was composed of laboratory personnel and patients with 
miscellaneous nonmetabolic disorders. The hepatitis 


1 This work has been previously presented in the form 
of an abstract (J. Clin. Invest., 1952, 31, 663). 
2 Captain, M.C. 


School, Walter Reed Army Medical Center, Washington 12, D. C.) 


(Submitted for publication August 18, 1952; accepted December 24, 1952) 
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group consisted of patients in the early, icteric phase of 
acute infectious or homologous serum hepatitis. The 
cirrhosis group consisted of patients with portal or 
postnecrotic cirrhosis ranging in clinical severity from 
the asymptomatic to the precoma state. One patient with 
severe, secondary biliary cirrhosis was included in this 
group. Diagnosis was established in the patients with 
liver disease by standard clinical and laboratory methods, 
and was confirmed in all cases by needle biopsy of the 
liver or by autopsy. All of the control subjects and the 
patients with liver disease were males, except for the 
single case with biliary cirrhosis cited above. 

The patients with diabetes ranged in age from 20 to 55 
years and included a broad spectrum of clinical severity. 
The diagnosis was established by abnormality of the in- 
travenous glucose tolerance test, the criteria of which 
are defined below. These patients showed no evidence 
of liver disease or other detectable cause for carbohy- 
drate intolerance. Of 14 diabetic patients studied, three 
of whom were females, seven were considered to have 
moderately severe diabetes. The mean fasting blood sugar 
for this group was 177 mg. per cent, and the daily in- 
sulin requirement was up to 60 units. No patient re- 
ceived regular insulin within 24 hours or protamine in 
sulin within 48 hours of the test. The remaining seven 
diabetic patients were controlled by diet alone. In most 
instances the mild and the more severe diabetics reacted 
similarly in these studies. Where differences between 
the two groups were observed, they are described. 

The procedure for the standard intravenous glucose 
tolerance test was used (8) with the subjects at bed rest 
before and during the test. All subjects were on a carbo- 
hydrate intake exceeding 200 grams per day and were 
fasted 12 to 15 hours before the tests. Glucose and fruc- 
tose 3 as 10 per cent solutions were infused on successive 
days by constant intravenous drip at a rate of 0.5 gram 
per Kg. during a 30-minute period. The order of the 
tests was alternated between cases. 

Samples of venous blood for glucose, fructose, and 
serum inorganic phosphate determinations were with- 
drawn through an indwelling needle from the opposite 
arm at 0, 30, 45, 60, 75, 90, and 120 minutes from the start 
of the infusion. The blood for glucose and fructose de- 
terminations was heparinized and preserved with potas- 


8 The authors wish to express appreciation to Baxter 
Laboratories, Inc., Morton Grove, Illinois, for generously 
supplying the fructose solutions. 
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sium fluoride. A Somogyi filtrate (9) was prepared 
to eliminate nonhexose reducing substances. Total re- 
ducing sugar was determined by the method of Nelson 
(10), and fructose by the Seliwanoff reaction as adapted 
by Roe, Epstein, and Goldstein (11). These determina- 
tions were done in duplicate with a maximal allowable 
variation between duplicates of 3 and 5 per cent, respec- 
tively. Blood fructose was corrected by subtracting a 
factor (0.018 mg. for each mg. glucose) which was de- 
termined for the Seliwanoff reaction of glucose. Glu- 
cose was calculated by subtracting the fructose value 
from the total reducing sugar. Serum inorganic phos- 
phate was determined by the method of Fiske and Sub- 
barow (12) with a maximal variation of 3 per cent be- 
tween duplicates. Two-hour urine specimens were col- 
lected during the tests and were measured for glucose 
and fructose by the above methods. Since the two-hour 
urine volumes usually exceeded 300 ml., spontaneous void- 
ing was judged to be sufficient for accurate collection. 

Venous blood was drawn without, stasis at 0, 30, 60, and 
120 minutes for lactic, pyruvic, and alpha-ketoglutaric 
acid determinations. The samples were immediately de- 
proteinized with tungstic acid. Blood lactic acid was de- 
termined in duplicate by the method of Barker and Sum- 
merson (13) with an allowabie variation between dupli- 
cates of 8 per cent. Pyruvic and alpha-ketoglutaric acids 
were determined by a specific paper chromatographic 
separation of their respective dinitrophenylhydrazone 
derivatives (14). 

The disappearance rate of fructose from the blood fol- 
lowing infusion is expressed as the time to half-value, or 
the period of half-life. This was calculated from the 
formulae : 


where K = the specific reaction-rate constant, t = time in 
minutes, C = the concentration of blood fructose in mg. 
per 100 ml., subscripts 1 and 2=the periods 45 and 90 
minutes, respectively, and t4¢=period of half-life of 
fructose, 


RESULTS 


Glucose tolerance tests: Intravenous glucose tol- 
erance tests were done on 15 normal controls, 11 
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patients with hepatitis, 10 patients with cirrhosis, 
and 14 diabetics. An abnormal glucose tolerance 
test is defined as one with blood glucose values 
greater than 2 standard deviations above the mean 
of the normal group. These upper limit values 
were found to be 95 mg. per 100 ml. for the fasting 
and 120-minute specimens and 170 mg. per 100 ml. 
for the 60-minute sample. These criteria are in 
agreement with those of Moyer and Womack, if 
a 15 to 20 mg. per 100 ml. correction factor for 
nonhexose reducing substances is subtracted from 
their values (15). The blood sugar of one control 
subject failed to return to normal within 120 min- 
utes. Three of 11 patients with hepatitis (27 per 
cent) and five of 10 patients with cirrhosis (50 
per cent) were found to have abnormal glucose 
tolerance tests. The defect observed was a de- 
layed return of blood glucose to normal levels. 

Fructose tolerance tests: Fructose tolerance 
tests were done on 12 normal controls, 12 patients 
with hepatitis, 11 patients with cirrhosis, and 14 
patients with diabetes. The mean blood fructose 
values for each group are shown in Table I. It 
will be noted that there were only minor differences 
in the mean blood fructose levels among these 
groups. When the curves of individual patients 
were plotted, it was found that the wide variations 
in the maximum blood levels obtained made com- 
parison of the curves difficult. 

It was found, however, that the rate of disap- 
pearance of fructose from the blood, at the levels 
observed in the present experiments, has the char- 
acteristics of a first order reaction. When the 
logarithm of the blood fructose concentration is 
plotted against time, a straight line relationship is 
obtained, as illustrated by two typical cases (Fig- 
ure 1). The deviation of the 30-minute specimen 
from the logarithmic curve represents a distribu- 
tion gradient between blood and the tissues, since 
constant infusion experiments by the authors have 


TABLE I 


Results of fructose tolerance tests 


30 min. 


Patients No. 


Normal 12 
Hepatitis 12 
Cirrhosis 11 
Diabetes 14 
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Log. 10 
K Log G 
Loge 2 
th K 
Blood fructose 
2.6 + 1.9 51.124 8.1 22.142 4.9 14.2 + 3.0 86+ 1.9 6.8 + 1.9 4.34 1.5 
1.5 +: 1.5 65.5 + 31.2 27.2 + 10.2 16.8 + 6.8 10.7 + 3.9 7.6 + 3.5 4.3 + 3.5 
2.1 + 1.9 66.6 + 17.7 320+ 88 21.1 + 6.8 13.5 + 4.0 8.5 + 1.9 §.5+ 1.9 
1.8 + 1.6 58.4 + 18.8 25.94 7.5 16.9 + 5.0 11.9 + 3.0 8.5 + 2.1 5.5 + 1.7 


METABOLISM OF FRUCTOSE AND GLUCOSE 


O- DIABETES 
tye*25.3 MIN. 


@-NORMAL 
tye* 20.5 MIN. 


60 90 120 
MINUTES 
Kic. 1. Fructose DISAPPEARANCE CURVES 


Blood fructose levels of a typical normal person and a 
diabetic plotted on logarithmic scale against time. 


demonstrated that tissue equilibrium is not reached 
until 45 minutes. These curves indicate that the 
rate of disappearance of fructose is directly pro- 
portional to the concentration. 

As additional evidence that fructose disap- 
pearance is proportional to concentration, it was 
found that blood levels at equilibrium in a series 
of constant infusion experiments increased in ap- 
proximately linear relationship to the rate of in- 
fusion (Figure 2). Since urinary excretion was 


0.25 0.50 075 100 
GM./KG/HR. FRUCTOSE INFUSED 
Fic. 2. Broop Levets or Fructose MAINTAINED DUR- 
ING CONSTANT INFUSIONS OF FRUCTOSE AT VARYING 
RATES IN A SINGLE INDIVIDUAL 
Illustrating a linear relationship between rate of in- 
fusion and blood level. 
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negligible (0.5 to 4.0 per cent), the experiment also 
demonstrates that the rate of utilization (amount 
infused minus amount excreted) is directly pro- 
portional to the blood level. 

For purposes of comparison, therefore, a fruc- 
tose tolerance test can be most conveniently ex- 
pressed as the period of half-life of blood fructose, 
as a reflection of its rate of disappearance. This 
method of characterizing disappearance as a slope 
eliminates the difficulties of comparing varying 
absolute blood levels. The results of half-life de- 
terminations on 49 subjects are illustrated in Fig- 
ure 3. The mean value for the normal controls 
was 18.4 minutes with a standard deviation of 2.4 
minutes. The patients with acute hepatitis and 
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Mean values (————) for each group of patients and 
one standard deviation from the mean ( are 
illustrated. 


cirrhosis had mean half-life values of 20.8 + 2.3 
and 21.8 + 3.1 minutes, respectively, representing 
prolongations of the disappearance rates of 13 and 
18 per cent. These prolongations of half-life are 
Statistically significant (p< 0.01). There 
no correlation between abnormal glucose tolerance 
and fructose half-life values in these groups. The 
patients with diabetes had a mean half-life value 
of 23.6 + 4.0 minutes, representing an increase 
of 28 per cent over normal, which is highly signifi- 
cant (p < 0.001). All of the 14 diabetic patients 
showed half-life values greater than the normal 
mean, and six had half-life values greater than 2 
standard deviations above the normal mean, In 
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general, the mild diabetics had slightly more rapid 
rates of fructose disappearance than the more se- 
vere group (mean values of 22.1 and 25.0 minutes, 
respectively). This difference was not statistically 
significant, however, and many exceptions were 
found. For example, a 24-year-old pregnant dia- 
betic, who had fasting blood sugars averaging 170 
mg. per 100 ml. on 60 units of insulin per day, 
had the lowest fructose half-life of the group (18.7 
minutes ). 

lructose infusion in the normal controls pro- 
duced a mean rise in blood glucose of 4.0 mg. per 
100 ml. at 30 minutes. This was followed by a 
fall in mean glucose concentration of 8 mg. per 
100 ml. below the fasting level at 90 minutes and 
a return to the fasting level at !20 minutes. 
There was a marked variation in response among 
individuals, some exhibiting an initial fall of blood 
glucose. Patients with hepatitis showed similar 

The in the 
cirrhosis group (16.1 mg. per 100 ml.) and in 
this group only was it statistically significant. 


variations. rise was most marked 


The failure of insulin to influence fructose utili- 
zation is illustrated in Figure 4, Invert sugar was 
given by constant intravenous infusion to a nor- 
mal subject at the rate of 1 gram per Kg. per hr. 
At 90 minutes, after a constant blood fructose 
level had been attained, insulin was added to the 
infusion at the rate of O04 unit per minute. A 
marked fall in blood glucose to 29.5 mg. per 100 
ml. occurred, but the fructose blood level was not 


hod t 
“ FRUCTOSE 


CONSTANT INFUSION OFINVERT SUGAR 
0 


MINUTES 


INSULIN ADDED 


Fic. 4. Errect or INsutiIn on Brioop Levers or Giu- 
COSE AND Fructose MAINTAINED BY CONSTANT INFUSION 
or INVERT SUGAR 


LLOYD H. SMITH, JR., RICHARD H. 


ETTINGER, AND DAVID SELIGSON 


NORMAL 


HEPATIC DISEASE 


o- GLUCOSE 


FRUCTOSE 
DIABETES 
0 30 60 90 120 
MINUTES 


PHOSPHORUS CHANGE IN M6. 


Fic. 5. Serum InorGanic PHospHaTE CHANGES FROM 
FastinGc Levers In RESPONSE TO FRUCTOSE AND GLUCOSE 
INFUSIONS 

Mean values after glucose in 14 normals, 16 patients 
with hepatic disease and 13 diabetics; after fructose in 7 
normals, 18 patients with hepatic disease and 13 diabetics. 


changed. The subject experienced no symptoms 
of hypoglycemia. 

Serum inorganic phosphate: The mean changes 
in the serum levels of inorganic phosphate (ex- 
pressed as phosphorus) in normals, in patients 
with parenchymal liver disease, and in diabetics 
Since the results obtained 
for the hepatitis and cirrhosis groups were similar, 
Glucose produced a 
slow, persistent drop of phosphate in all groups, 
the fall being most marked in the group with liver 
disease. 


are shown in Figure 5, 


they have been combined. 


Fructose produced a more rapid fall of 
phosphate in all groups at 30 minutes, and a more 
At all points be- 
tween 45 and 120 minutes, the differences in the 
responses to glucose and fructose were highly sig- 
nificant (p< 0.01 to 0.001) in both the hepatic 
and 


rapid return toward normal. 


diabetic groups. The phosphate fall after 
fructose at 30 minutes in the hepatic patients was 
not significantly different from those with dia- 
betes (0.53 and 0.37 mg. per cent, respectively ). 
The diabetics exhibited a more rapid return to 
normal, however, and the elevation of phosphate 
above fasting levels at 45, 60, and 75 minutes was 
significant. 

The phosphate response to glucose infusion was 
compared in the mild diabetics and those patients 
with liver disease having a similar degree of glu- 
cose intolerance. The difference was most sig- 
nificant (p< 0.01) at 30 minutes. The mean 
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phosphate fall of these hepatic patients was 0.44 
mg. per 100 ml. while the mean fall for the mild 
diabetics was only 0.15 mg. per 100 ml. There 
were wide individual variations in each group: 
the hepatic group varied from a fall of 0.63 mg. per 
100 ml. to a rise of 0.39 mg. per 100 ml., the dia- 
betics from a fall of 0.27 mg. per 100 ml. to a rise 
of 0.14 mg. per 100 ml. One patient with hepatic 
disease fell less than the diabetic mean and none of 
the diabetics had a phosphate fall as low as the 
mean of the hepatic group. 

Intermediary metabolites: The blood levels of 
lactic, pyruvic and alpha-ketoglutaric acids were 
measured during fructose and glucose tolerance 
tests in nine normals, six patients with hepatitis, 
seven patients’with cirrhosis and eight patients 
with diabetes. 
mum blood levels of these metabolites were found 
at the 30-minute period; there was then a rapid 


Following fructose infusion, maxi- 


return of lactate and pyruvate and a more gradual 
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return of ketoglutarate to fasting levels. After 
glucose infusion, however, maximum values were 
obtained at 60 minutes with the single exception 
of the lactate value in the cirrhotic patients. The 
mean fasting values and the highest values ob- 
tained after each infusion are shown in Figure 6. 

The mean fasting level of blood lactate for the 
normal subjects was 720 pmol. per liter, with an 
individual variation of 475 to 1,380 wmol, per liter. 
A mean elevation of fasting level was found only 
in the cirrhotics (1,070 pmol. per liter) and the 
highest value observed (2,045 pmol. per liter) oc- 
curred in a patient of this group. Following glu- 
cose infusion there were small mean increases of 
blood lactate in normals and in patients with hepa- 
titis, and small mean decreases in the patients with 
cirrhosis and diabetes. Fructose infusion produced 
a 100 to 160 per cent increase of lactate in all 
groups. The increase was greatest in the normal 
group and least for the cirrhotics. 

The mean fasting blood level of pyruvate in 
normals was 77 pmol. per liter with a range of 60 
to 122 pmol. per liter. 
differences in the fasting levels among groups, al- 
though patients with cirrhosis and diabetes tended 
to have slightly higher values. Glucose produced 
a small pyruvate elevation in all groups, but least 
in the diabetics. 
by pyruvate increases of 115 to 150 per cent in all 
groups. Although differences were not marked, 
the greatest elevations occurred in the diabetic and 
cirrhotic patients. 

The constancy of the lactate/pyruvate ratio is 
of interest. In 224 determinations on 28 subjects 
varying widely in age and in disease state, and 
having a 600 per cent range in absolute blood levels, 
the mean ratio was 9.3 with a standard deviation 
of only 0.96. This degree of constancy is in agree- 
ment with the work of Stotz and Bessey (16), al- 
though they reported a ratio of 12.2, 

The changes in blood levels of ketoglutarate af- 
ter glucose and fructose infusions were less marked 
than those of lactate and pyruvate. The normal 
fasting mean was 12.6 pmol. per liter, with a range 
of 9 to 15 pmol. per liter. The patients with cir- 
rhosis exhibited a marked elevation of the fasting 
level, having a mean of 24.9 pmol. per liter with 
a range of 9 to 42 pmol. per liter. The hepatitis 
group had a mean fasting value of 15.4 pmol. per 
liter. All groups, except that of hepatitis, had 


There were no significant 


Infusion of fructose was followed 
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TABLE II 
Amounts of fructose and glucose excreted in the urine during tolerance tests 


Fructose tolerance tests 


Glucose 
excreted 


Fructose 


Patients excreted 


Infused 


su 
excreted 


Glucose tolerance tests 


Infused 
Glucose sugar 
excreted excreted 


Fructose 
excreted 


grams 
1.30 
1.58 
1.32 
1.43 


grams 
0.15 
0.24 
0.41 
1.07 


Normal 

Hepatitis 
Cirrhosis 
Diabetes 


greater rises in response to fructose than glucose 
infusion. The degree of elevation of ketoglutarate 
following the infusion of fructose was less than that 
of lactate and pyruvate, being in the range of 30 
to 40 per cent. , 

‘It was not possible to correlate either the fasting 
level or the degree of change of any of the inter- 
mediary compounds with glucose or fructose tol- 
erance. It is of interest, however, that the maxi- 
mum fall in phosphate did occur at the same time 
as the maximum rise in intermediates ; 30 minutes 
when fructose was infused and 60 to 90 minutes 
when glucose was infused. There was also good 
correlation between fasting ketoglutarate levels 
and the degree of clinical, laboratory and _histo- 
pathological evidence of liver dysfunction in the 
cirrhosis group and in patients with acute hepatitis 
(17). This correlation was much less striking for 
lactate and pyruvate in the same patients. 

Renal excretion: The mean quantities of fructose 
and glucose excreted in the urine by each group 
during the tolerance tests are presented in Table 
II. When fructose was infused all groups excreted 
approximately the same amounts of fructose. In- 
significant amounts of glucose were excreted dur- 
ing fructose tolerance tests except by the diabetics, 
who lost an average of 1.07 grams. This was less 
than the amount of fructose simultaneously ex- 
creted (1.43 grams). 

When glucose was infused, approximately equal 
amounts were excreted by normals and patients 
with hepatitis and cirrhosis. The diabetic group 
lost an average of 13.6 per cent of the infused glu- 
cose in the urine during the tolerance tests. This 
represented a loss of twice as much sugar as the 
total of the fructose and glucose excreted during 
a fructose tolerance test. Four exceptions to this 
occurred, all among the mild diabetics. Among 
the non-diabetic subjects, however, there was a 


greater urinary loss of fructose than glucose dur- 
ing their respective tolerance tests. 


DISCUSSION 


It is recognized that the intestinal absorption of 
fructose is slower than glucose (18, 19) and that 
differences in absorption rates among individuals 
with varying disease states may also exist. In- 
travenous tolerance therefore, were em- 
ployed to facilitate comparison of the rates of utilt- 
zation. The brief period of half-life obtained when 
fructose was infused demonstrates that the disap- 
pearance rate of fructose (and presumably its 
utilization *) was rapid. There was little variation 
in the half-life value among the normal subjects: 
The utilization of fructose was directly propor- 
tional to the blood concentration as indicated by 
the logarithmic disappearance curves during the 
tolerance tests and by the blood levels obtained 
at equilibrium during constant infusion experi- 
ments at increasing rates (Figures 1 and 2). 
This proportionality for fructose has been demon- 
strated at blood levels of 4 to 80 mg. per 100 ml. 
in these experiments. A linear relationship be- 
tween glucose utilization and concentration at 
200 to 600 mg. per 100 ml. has been demonstrated 
by Lundsgaard, Nielsen, and Orskov (22). 
Bouckaert and de Duve (23) confirmed this find- 
ing and have cited it as evidence that the initial 
reaction in glucose uptake by the tissues is 


tests, 


“monomolecular.” 


‘It is appreciated that the term “utilization” may logi- 
cally be challenged when reference is made to rates of 


disappearance. For present purposes, it may be defined 
as the disappearance of infused sugar not accounted for 
by renal excretion. That utilization actually has oc- 
curred, however, may be inferred from the increases in 
blood levels of the intermediaries seen in these experi- 
ments and of glycogen formation and respiratory quotient 
rises reported by others (20, 21). 
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It has been stated by Weichselbaum, Elman, 
and Lund (4) that fructose is assimilated more 
rapidly by normal persons than glucose. In our 
group of normals, glucose returned to the fasting 
level more rapidly than did fructose. Although 
the early removal from the blood was slower than 
for fructose, glucose utilization proceeded more 
rapidly after 30 minutes because of the advantage 
of higher blood levels. The smaller peak rise in 
blood fructose is compatible with the in vitro dem- 
onstration of the greater activity of liver fructo- 
kinase than hexokinase (24). Using hepatic vein 
catheterization, it has been demonstrated that ap- 
proximately 40 per cent of infused fructose was 
removed by the liver (splanchnic tissues) during 
a constant infusion (4, 25). 

A number of investigators have demonstrated 
the superior utilization of fructose in diabetes and 
the failure of insulin to affect the rate of fruc- 
tose utilization (20, 26, 27). The results of the 
present experiments confirm these observations. 
Six of 14 diabetics studied had normal fructose 
tolerance and the remainder had only small half- 
life increases. It should be emphasized that the 
impairment of fructose tolerance in these diabetics, 
though statistically significant when calculated as 
the period of half-life, was small when contrasted 
to the impairment of glucose tolerance. These 
patients did not lose a significantly greater amount 
of fructose in the urine than did the normal sub- 
jects, and the total urinary sugar loss was less than 
that occurring when equivalent amounts of glucose 
were given, 

The intravenous tolerance tests in patients with 
hepatitis and cirrhosis confirm that fructose may 
continue to be utilized normally in hepatic disease 
when glucose tolerance is impaired. The decrease 
in the rate of disappearance, when present, was 
minimal and it could not be correlated in indi- 
vidual patients with the degree of glucose intol- 
erance. The oral fructose tolerance test has been 
used as an index of liver function (28, 29). In 
this series, a large number of icteric hepatic pa- 
tients had normal intravenous fructose tolerance 
‘ests. This includes one patient with cirrhosis 
who was tested two weeks prior to his death in 
hepatic coma. As either a diagnostic or prognostic 
guide, therefore, the intravenous test would seem 
of no value, 
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Although changes in serum inorganic phosphate 
reflect only the sum of many reactions involving 
phosphorylation and dephosphorylation, they may 
be useful in following the rates of reaction of a 
single metabolite infused in large concentration. 
The data presented suggest a more rapid initial 
phosphorylation of fructose than glucose in all 
conditions studied. The more rapid return of 
phosphate to fasting levels also suggests the re- 
lease of phosphate occurring with glycogen forma- 
tion or oxidation. This would be compatible with 
the findings of more rapid initial disappearance of 
fructose and the more rapid elevations of the in- 
termediary compounds. It is of interest that when 
fructose was administered the rates of fructose 


disappearance were grossly similar in all groups, 


as were the changes of phosphate and intermediary 
compounds, 

The degree of depression of serum phosphate 
following intravenous administration of glucose 
has been advocated as an important aid in differ- 
entiating mild diabetes from the glucose intoler- 
ance of liver disease (30, 31). In our cases the 
difference between the means of these groups at 
30 minutes was highly significant. The marked 
variation among individuals of each group, how- 
ever, seriously interferes with the usefulness of 
this test. It was previously mentioned that only 
one patient of the hepatic group had a phosphate 
fall less than the mean of the mild diabetics, and 
that none of the latter had a fall of phosphate as 
great as the mean of the hepatic group. It would 
seem, therefore, that diagnostic conclusions can 
be made only if there is no significant fall in phos- 
phate or if the fall is as great as the mean for the 
normal controls. 

Relatively minor rises of blood lactate, pyruvate 
and ketoglutarate occurred after infusion of glu- 
cose as contrasted to the large rises following fruc- 
tose. These changes after fructose were associ- 
ated with a more rapid and initially greater fall of 
serum phosphate than after glucose. Root, Stotz, 
and Carpenter (32) interpreted similar data to 
indicate an undefined difference between the meta- 
bolic pathways of fructose and glucose. Miller 
and his associates (3) interpreted their findings 
as an indication that either fructose enters the 
Embden-Meyerhof scheme closer to pyruvate or 
that it is phosphorylated faster than glucose by its 
own specific kinase, 


‘ 
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The following experiment was performed twice 
to test this hypothesis. Glucose was infused into a 
normal subject at a rate of 1 gm. per Kg. per hr. 
until constant blood levels were obtained (45-90 
minutes). During this period of equilibrium, 
blood levels of lactate, pyruvate, and ketoglutarate 
showed little change from pre-infusion levels. The 
infusate was then changed to fructose at the same 
rate. During the period when fructose blood 
levels remained constant, the blood levels of these 
metabolites were markedly elevated above their 
control values (increases of over 100 per cent). 
It is assumed that when the blood levels of the 
sugars being infused are constant, the rate of in- 
fusion minus the rate of excretion equals the rate 
of utilization. Since the excretions of both glu- 
cose and fructose in this experiment were negligible 
(< 5 per cent of that infused), it may be stated 
that the utilization rates of the two sugars were 
roughly equal. It would seem, therefore, that the 
differences in the levels of the intermediaries dur- 
ing glucose and fructose infusion could not be due 
to differences in rates of utilization. 

A possible explanation of these differences is 
that there is some qualitative difference in the 
One 
example would be that glucose is oxidized all or 
in part by an aerobic pathway dissimilar to the 
classical Embden-Meyerhof scheme. Several in- 
vestigators (33-38) have demonstrated this path- 
way: glucose to 6-phosphogluconate to pentose- 
phosphate and, presumably, to two- and_ three- 
Dickens and Glock (39) have 


metabolic pathway of glucose and fructose. 


carbon particles. 
demonstrated these reactions and their associated 


enzymes in animal tissues. Fructose, however, 
is presumed to enter the Embden-Meyerhof scheme 
and progress through the diphosphate to two three- 
carbon particles. Therefore, twice as many moles 
of pyruvate (plus lactate) should be formed from 
fructose. The formation of triosephosphates prior 
to pyruvate would require, by theory, twice as 
many phosphorylations as would the oxidation 
products of glucose by the aerobic scheme. This 
might account for Meyerhof’s findings that the 
addition of adenosine triphosphate enabled brain 
homogenates to utilize fructose as rapidly as glu- 
cose (40). 

Positive evidence of an aerobic pathway for glu- 
cose is not available in intact mammals. Such a 
qualitative difference in the metabolic scheme, 
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however, might best explain the data presented by 
this clinical study. Further information is neces- 
sary to establish the actual existence of different 
metabolic schemes in man and to evaluate their 
quantitative importance. 


SUM MARY 


1. Infused fructose disappears from the blood 
rapidly and in a manner characteristic of a first 
order reaction. Utilization is proportional to 
concentration. When calculated as the period of 
half-life, the rate of disappearance is slightly de- 
creased in hepatic disease and diabetes mellitus. 
There is no correlation between the rate of fruc- 
tose disappearance and the degree of glucose in- 
tolerance. 

2. The serum inorganic phosphate following 
fructose infusion falls more rapidly than when 
glucose is infused, and returns much earlier to- 

yard the fasting level. With glucose infusion the 
fall of serum inorganic phosphate is significantly 
greater in hepatic disease then in diabetes, but the 
individual variations limit the diagnostic signifi- 
cance of this difference. 

3. The rise in blood lactate, pyruvate and keto- 
glutarate is much greater and more rapid with 
fructose than with glucose, and is of similar degree 
in normals, diabetics, and patients with liver dis- 
ease. The rise of blood ketoglutarate is less marked 
than that of lactate and pyruvate. 

4. The fasting blood level of ketoglutarate is 
significantly elevated in patients with parenchymal 
liver disease. 

5. More fructose than glucose was excreted in 
the urine during respective infusions (at 0.5 gm. 
per Kg. in 30 min.) by all subjects except the dia- 
betic patients. 

6. The observed differences in rates of disap- 
pearance from the blood and the responses of se- 
rum inorganic phosphate and the intermediary 
compounds suggest a qualitative difference in the 
metabolic pathways of fructose and glucose. 
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INTRODUCTION 


Although there is good evidence that the rates 
of excretion of water and solutes are altered in re- 
sponse to a change in plasma volume (1-3), the 
specific stimuli and the precise mechanisms through 
which the kidney modifies the volume and compo- 
sition of the urine are not well understood. A de- 
crease in plasma volume due to dehydration or in- 
creased transudation is accompanied by an increase 
in the oncotic pressure of the plasma, and it has 
been suggested that this rise in oncotic pressure 
may be one of the functions of a decrease in plasma 
volume that promotes a compensatory alteration 
in renal function. 

Several recent investigations (4, 5) have dem- 
onstrated that an increase in the concentration of 
albumin and, presumably, an increase in the col- 
loid osmotic pressure of the plasma in normal sub- 
jects results in a decrease in the rates of excretion 
of salt and, less consistently, water. The present 
investigation was undertaken to collect further 
data on the question of whether or not an increase 
in plasma oncotic pressure serves as a stimulus to 
antidiuresis and to determine whether such an anti- 
diuresis represents a primary effect on water or 
is a passive consequence of a change in the rate of 
tubular reabsorption of salt. 


EXPERIMENTAL PROCEDURE AND METHODS 


The subjects of these studies were seven healthy male 
medical students and two patients with diabetes insipidus. 


1 This work was supported by Contract No. DA-49- 
007-MD-116 issued by the Medical Research and De- 
velopment Board, Office of the Surgeon General, United 
States Army. 

2 The serum albumin used in these studies was supplied 
by the American Red Cross. 

3 This article represents work done in fulfillment of the 
thesis requirement for the degree of Doctor of Medicine 
at the Yale University School of Medicine. 

* Present address: Department of Medicine, School of 
Medicine, University of North Carolina, Chapel Hill, 
North Carolina. 


The origin of the diabetes insipidus appeared to be post- 
encephalitic in F. S. and due to reticuloendotheliosis in 
J. V. Both had an inability to concentrate the urine al- 
though the volumes in J. V. were not tremendous which 
may have been related to a coexisting mild hypothyroid- 
ism. Patient F. S. had the typical response of diabetes 
insipidus to the Hickey-Hare test (6). This was not per- 
formed on subject J. V. It is, of course, impossible to 
state whether the diabetes insipidus was “complete” in 
either instance. 

Food, water, and tobacco were withheld 12 to 14 hours 
prior to and throughout each experiment, except in the 
studies in which fluids were permitted until the start of 
the experiment. The normal subjects were recumbent 
throughout the study except for the brief intervals at- 
tending voiding. Urines were collected through an in- 
dwelling catheter in the two patients with diabetes in- 
sipidus. The experiments started at about 8 am. and 
lasted 7 to 11 hours. 

Infusions of 200 to 500 cc. of 25 per cent salt-poor puri- 
fied human serum albumin were administered at a time 
when these subjects were in a steady state of physiologi- 
cal diabetes insipidus (7). This condition was achieved 
by the infusion of a 5 per cent solution of glucose in water 
in such a manner as to attain and maintain a positive 
balance of water of approximately 1 liter throughout the 
study. The infusion of the solution of glucose was ad- 
ministered initially through two needles in different veins 
of one forearm by the use of a Y tube leading from the in- 
fusion bottle. One of these needles was eventually used 
for the infusion of the solution of albumin and obviated 
the necessity of a venipuncture at the time of its ad- 
ministration. This infusion was started when the rate 
of flow of urine had been constant for four consecutive 
periods of approximately 30 minutes each. The concen- 
tration of sodium in 25 per cent salt-poor human albu- 
min is 155 mEq. per liter. To avoid an increase in the 
concentration of sodium in the serum due to the infusion 
of albumin, the rate of administration of the 5 per cent 
glucose in water was accelerated by 300 cc. per hour co- 
incident with the administration of the albumin. The 
most rapid infusion of albumin in any of the normal sub- 
jects was 100 cc. in 15 minutes (400 cc. per hour) and it, 
therefore, seems unlikely that the concentration of sodium 
in the serum could have been increased significantly. 
The experiments were continued beyond the period of 
the infusion of albumin until the rate of flow of urine was 
returning to or had reached the levels that characterized 
the control periods. 
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Among the normal subjects there were four studies in 
which the solution of albumin was administered slowly, 
and four in which its administration was rapid. Two 
normal subjects were studied during both a rapid and 
slow administration of the albumin. The effects of an in- 
fusion of albumin were also compared with the adminis- 
tration of 2.5 mU of pitressin in one subject. In one 
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study, the subject sustained an antidiuretic response fol- 
lowing each of two allegedly painless venipunctures. 
Blood was drawn under oil at the start of each study, 
before and soon after the administration of the albumin, 
and at the end of the experiment. The second specimen of 
blood was drawn after three consecutive constant pe- 
riods of urine flow and was followed by a fourth period 


TABLE I 


The effects of hyperoncotic solutions of albumin on the concentrations of proteins and 
electrolytes in serum and on the plasma volume 


Concentration in serum 


Study Blood Time T.P. Alb. Glob. Na Cl Hgb. 


gm. % 
14.5 
14.4 


min. 

143 
140 
136 
135 
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* Diabetes Insipidus—Post-encephalitis. 
t Diabetes Insipidus—Reticulo-endotheliosis. 


APV. 
Hkt. PVi Alb. 
mEq./L. % ce. 
I 103 3.9 43.2 33.6 
iA II 99 40 43.9 32.8 100 
Ill 96 3.1 38.4 12.0 31.4 132 18.5 
/ ’ IV 96 3.4 38.0 12.9 32.7 123 
I 105 4.4 46.4 15.1 | 
K. B. II 101 4.0 44.4 14.3 32.2 100 
Ill 50 104 3.9 39.0 12.4 31.8 126 17.6 
: IV 105 3.7 39.7 13.1 33.0 118 
3. I 469 148 31.5 
M. T. II 44.0 13.8 31.8 100 
Ill 100 35.9 10.1 28.2 156 30.2 
IV 38.3 ee | 31.6 126 
4. I 45.6 14.2 31.6 
H.W. II | 44.0 14.0 31.8 100 
Ill 50 38.4 12.9 33.6 119 16.2 
5. I 46.2 13.6 29.5 
R.G. II 
Ill 295 65 38.2 iZ.2 31.9 
IV 420 39.2 12.3 31.4 
6. I 7.00 3.86 3.14 143 102 42.0 ize 29.7 
5. ds II 206 6.64 3.19 345 138 100 39.7 12.1 30.5 100 
‘ III 416 100 7.50 8.42 2:26 137 96 34.1 9.4 27.6 141 13.7 
IV 654 7.35 4.94 2.39 138 96 av.3 11.2 30.0 112 
iP I 46.7 15.0 $2.7 
H. W. II 157 38.5 12.2 31.7 100 
Ill 312 50 33.4 10.9 32.6 121 17.6 
IV 444 37.4 12.9 34.4 96 
8. I 5.0 13.7 30.5 
oe II 318 2.5 13.0 30.6 100 
III 498 100 8.8 12.0 30.9 115 8.2 
IV 551 
9. I 30.8 
II 29.5 100 
Ill 62.5 29.5 122 19.2 
IV 29.7 117 
10. I 29.5 
II 29.1 100 
Il 125 30.2 142 18.1 
IV 30.1 138 
a 
y I 
VF II 
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during which the rate of excretion of water was observed 
to make certain that the venipuncture itself did not in- 
duce an antidiuresis. 

Many of the chemical methods and calculations have 
been described in previous publications from this depart- 
ment (8, 9, 10). The concentration of albumin in serum 
was determined by biuret (11) after the salting out of 
globulins by the method of Milne (12) as modified by 
Wolfson, Cohn, Calvary, and Ichiba (13). Creatinine in 
the serum and urine was determined by the method of 
Hare (14). The urines were not treated with Lloyd’s 
reagent. The concentration of urea in urine and serum 
was determined as described by Conway (15). Since uri- 
nary ammonia was not determined, urea nitrogen was as- 
sumed to be equal to 93 per cent of urea plus ammonia 
nitrogen. 

The clearance of endogenous creatinine was used as an 
estimate of the rate of glomerular filtration. The change 
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in plasma volume, PV,/PV,, was estimated from the 
formula: 


Heb; 


Hgbe 


For purposes of estimating the approximate increase in 
plasma volume in cubic centimeters per gram of infused 
albumin, the original plasma volume was assumed to be 
5 per cent of the body weight. 


RESULTS 


In every instance the infusion of albumin re- 
sulted in an expansion of the plasma volume (Table 
1). The magnitude varied between 8.2 and 19.2 
ce, per gram of administered albumin. The aver- 
age expansion of 16.1 cc. per gram is comparable 


TABLE HA 


The effects of infusions of 25 per cent albumin on clearances, concentrations and rates of excretion 


of solutes in the urine (normal subjects) 


Period Time 
alb. a 
infu- 
sion 


Concentration in urine 
Pe. end of - 
Study riod period Ng K 


Urea 
mOsm./L. 
14.8 75.7 
20.1 
18.7 
18.3 
18.5 
19.5 
26.2 
38.9 
22.8 


J.A. 


NR 
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8 
4 
4. 
4. 
6. 
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6.4 9 
6.4 8 
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0.8 3 
9.9 
6.6 3 
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95.8 
20.2 
17.6 
24.9 
44.3 
18.5 
18.0 
15.3 
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Total N Cl 


164.4 
38.1 
34.3 
34.0 
34.5 
38.2 


44.2 


Rates of excretion 
K Urea Total 
wOsm./min. 
255 67.8 
28.0 

26.0 

25.8 

32.0 

39.2 

39.0 

48.4 


351 
376 
340 
330 
298 
282 
276 
292 
220 


750 
712 
623 
612 
556 
§52 
581 
579 
434 


wee 


100.5 
178 
158.5 
124 
79.6 
94.9 
118.0 
140.8 
160.0 


35.8 
42.6 
38.1 
53.6 
51.0 
64.8 
59.0 
50.8 


298 
363 
347 
273 
268 
270 
277 
263 
279 


562 
750 
667 
616 
548 
562 
572 
670 
773 


ONO 

> 
OH 
NDS 


69.0 
115.1 
119.5 
103 

65.7 

49.7 

§2.4 

84.9 
111.1 


40.1 
44.4 
49.7 
65.8 
59.5 
82.0 
93.9 
88.9 
90.7 


429 
797 
685 
622 
546 
538 
410 
476 
471 


617 
1050 
925 
866 
784 
842 
717 


cw 


aK ona 
HWS 


205 
240 
159 
133.2 
105.4 
$7.5 
48.1 
79.5 


74.1 
65.2 
44.3 
41.6 
43.2 
62.0 
66.2 
56.2 


362 
416 
397 
381 
348 
320 
305 
325 


61.2 


12.9 66.6 


‘ 
Cr 
U/S Cor CU rea 
min. min. ce. cc. |/min. cc./min 
A 109 508 = 4.7 134 147 
B yA | 18.7 140 144 
C 268 926 162 415 140 
D 297 294 469 18.0 115 131 
E | 321 435 16.1* 103 131 
F | 347 376 14.5 103 136 
G 366 376 305 §5.2 10.5 113 150 
H 412 240 69.2 Le 74 160 
I 450 368 45.0 9.7 63 133 
Z. A 93 289 180.6 135 57.9 
K.B. B 168 1,348 41.7 137. (75.9 
C 214 195 §33 33.8 142 76.0 
D | 231 395 56.1 114 59.6 
E 283 281 303 90.5 132 663.6 
F 314 482 38.5 135 67.4 
G 368 832 STS 133. 710.5 
H 412 756 39.0 135-- 72.5 
I 436 458 14.6 40.5 
A 83 218 163.2 234.6 208 
M.T. B 123 708 45.0 59.3 245 
180 1,021 35:2 316 226 
D 240 237 982 36.1 50.3 226 
E | 258 323 35.5 51.0 218 
F 334 305 718 $3.2. $5.1 221 
G 347 952 I 68.2 119.5 227 
ct . H 372 377 31.6 48.4 235 
I 410 668 26.8 41.4 239 
4. A 138 416 | 120.7 279.3 3.0 163.8 848 56.8 170 : 
Zs " H.W. B 206 1,370 20.7 47.4 20.1 203 953 9.9 199 
& 257 949 21.3 41.8 18.6 146 778 10.4 193 
D 284 276 335 23S 41.0 17.7 130.8 725 11.3. 200 
E | 298 338 22.6: 43.3 15.4* 108.8 667 = =12.3 190 
F 324 329 373 26.2. 52.7 12.0 96.8 629 15.9 191 
G 354 268 10.7 558 17.9 192 
H 374 258 Zon. S| 571 15.4 200 
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TABLE 11A—Continued 


Period 
alb. Concentration in urine 


Study riod sion period cl K Urea 


min. mOsm./L. 
90 
114 


— Oo" 


29.7 
25.8 
26.4 
28.8 
23.6 
22.5 


49.0 
46.7 
47.1 
44.3 
41.1 
37.1 
32.0 
32.5 


116.4 
24.8 
23.3 
24.1 
23.6 
24.3 
23:1 
19.8 
18.7 


3 


9 
7 
6 
5 
5 
4 
5 
7 
8 
4. 
4. 
4. 
4. 


wn 


24.9 
25.0 
24.3 
22.4 
19.3 
16.8 
14.9 


nono 


Tot al 


Rates of excretion 


Cr 
HY cl K Urea Total Cor Cures 


31.3 158.8 292.8 
6.2 41.7 105.7 
55.0 
47.6 
48.2 
52.8 
44.9 
44.9 


215.0 263.4 
39.3 
59.3 
57.1 
61.7 
59.8 
$1.7 
48.8 


pOsm./min. 
99.8 
192.2 


cc. /min, cc./min. 


~ 


273 

478 1212 9 141 
403 745 

370 

316 § 6 128 
315 7 149 
146 


mew 


* 
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14.0 


196.5 


w 


103.4 101. 
71.5 44.0 
48.5 50.7 
$3.2 30.7 3: 
50.1 41.9 3 
69.3 36.5 
82.5 33.5 


125.0 
114.4 
110.5 
109.6 
116.2 
119.1 
162.4 


50.5 
47.0 
48.7 
63.5 
61. 
67.8 


ww 


* First period after start of infusion of albumin. 


to that observed in another investigation (5) and 
is close to the theoretical value of 18 cc. per gram 
(16). The concentration of albumin in serum in- 
creased in all cases, providing evidence of an in- 
crease in the oncotic pressure of the plasma even 
after time for equilibration had been permitted. 
The infusions of albumin had no significant effect 
on the size of the red blood cells as measured by 
Hgb/Hkt. The initial decrease in the concentra- 
tions of total proteins, albumin, sodium, and chlo- 
ride in the serum is the result of dilution by the 
positive balance of water. 

In all but one study (no. 8) the rate of urine flow 
decreased in response to the infusions of 25 per 
cent albumin (Tables ITA and IIB). Although 
it is recognized that the clearance of endogenous 
creatinine may not be a precise measure of the rate 
of filtration at the glomerulus, the clearance of this 
substance in these studies would suggest that the 


changes in urine flow were unrelated to alterations 
in filtration rate except in study No, 9 in which 
the clearance of creatinine fell from 246 to 223 cc. 
per minute during the period of maximum anti- 
diuresis. However, during the periods immedi- 
ately preceding and following this, the clearance of 
creatinine did not decrease in spite of the fact that 
the rate of excretion of water was below the pre- 
albumin infusion levels. Moreover, when this pa- 
tient was studied a second time (no. 10), there 
was no change in the clearance of endogenous 
creatinine during the antidiuretic phase. In stud- 
ies 2 and 5 there were transient decreases in the 
clearance of creatinine immediately following the 
start of the infusion of albumin. However, this 
decrease did not coincide with the maximum anti- 
diuresis during which the clearance of creatinine 
had returned to the pre-albumin infusion levels. 
The magnitude of the antidiuresis in normal 
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min. 
5s. > 64 1 
R.G. B 
139 341 
D 218 213 1,061 7 At) 
E | 238 302 1 
F 282 320 889 0 
G 371 652 6 
H 433 815 7 296 590 11) 151 
6. A 91 170 1 1 402 493 7 159 
B 241 1,726 8 564 682 166 
C 221i 255 154 6 514 653 Sm 173 
D | 281 263 7 476 577 7M 142 
E 381 932 14.3 14.3 66.6 412 574 OM 184 
F 408 516 1,154 17.7. 10.2 7 350 509 3H 197 
G 544 257 24.7 14.2 5 341 476 1 195 
H 597 525 42.1 P| 1 317 483 8H 187 
I 650 480 $1.7 1 48.7 5 296 471 OM 182 
7. A 90 317 243.8 1394 HZ 8 597 858 OM 176 
H.W. B 168 1,357 55.5 134.2 162.8 138 432 966 OM 177 
C 209 206 641 48.4 110.5 M4 «815 OM 167 
D 231 375 41.5 * 86.8 52 623 1 178 
E | 281 753 41.4 83.1 54 «621 2 179 
F 303 327 355 41.4 65.5 B1 = 563 3 178 
G 365 794 40.5 76.6 14 6551 3 181 
H 421 845 39.2 109.7 9 =—§92 2 189 
I 440 329 39.1 143.2 7 676 2 212 
8. A 43 747 39.7 ig4 78.7 33 691 229 
M.T. B 69 66 405 39.0 16 76.0 440 ©687 231 
C | 88 373 38.6 17.0* 73.3 15 657 228 
D 134 844 39.1 18.3 89.6 H1Q 36715 239 
E 209 218 1,630 36.1 19.4 101.4 B75 700 235 
F 255 735 34.1 19.9 {104.4 B34 678 236 
G 290 817 23.3 1365 B36 «6736 251 
4 
| | 
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TABLE IIB 


The effects of infusions of 25 per cent albumin on clearances, concentrations, and rates of excretion 


of solutes in the urine (diabetes insipidus) 


Period Time 


alb. at Concentration in urine Rate of excretion 
Study riod sion period vol. Na cl K Urea Total HO Na Cl K Urea Total U/S Cor Cures 
min, min. ce. mOsm./L. cc./min. pOsm./min. min. 
9. A 45 1,012 11.2 15.2 7.1 19.4 46.1 22.5 251.7 341.8 160.9 436 1037 10.7 242 126 
rs. B 83 78 920 9.4 12.0 5.2 14.0 43.2 27.8 262.8 333.8 143.7 389 1200 8.3 230 115 
& | 95 435 7.8 85 4.4 14.3 40.8 25.6* 200.2 218.9 113.6 366 1044 9.4 240 111 
D | 113 371 65 4.6 6.6 18.3 44.6 20.6 134.4 94.7 136.1 377 918 11.9 246 116 
E 144 158 770 61 34 7.1 188 45.2 17.1. 104 §8.2 123.0 322 774 13.0 223 101 
F 203 963 GO 434 154 21.4. 1278 92.0 71.7 728 11.3 242 110 
G 247 ~—-1,000 6.2 4.6 2.2 14.8:31.2 22.7 141.2 104.5 50.0 336 708 12.0 273 121 
10. A 87 =. 2,080 9.1 60 2.5 14.4 37.5 23.9 217.8 143.0 58.8 344 897.2 9.0 220 119 
B 144 =-:1,260 81 SO 2.0 13.6 33.9 22.1 -180:5 109.6 45:1 300 749.5 10.3 229 119 
156 155 242 8.7 44 1.8 13.0 33.9 22.0 190.5 97.8 39.0 286 745.6 11.1 245 119 
D 179 454 85 S92 22 135 368 i899" 160:5 74.3 41.2 255 657.4 12.7 240 108 
E 200 320 OF 27 22 159 07 15.2 147.0 41.5 41.7 240 618.0 15.4 234 106 
F 220 335 18 26 2.8 45.1 365 168 1319 43:0. 47.9 254 613.1 15.4 259 113 
GS. 232. 241 374 88 $1 2.3 13.7 38.9 17.6 13560 568° 41.5 244 639.3 15.4 275 111 
H 258 aot 86 4.3) 2.1 11.9 33.3 21.0 180.0 89.8 45.2 250 699.4 13.5 283 116 
I 277 472 98 6.7 1.7 9.8 32.7 24.8 242.3 165.5 41.4 243 811.4 10.9 271 116 
11; A 31 185 21.6 23.3 15.4 23.2 97.2 6.0 129.5 139.8 92.4 139 583.0 26.6 160 
LV. 8B 56 242 «18.1 18.1 5.9 15.0 63.0 146.6 17.2 166 
127 900 $15.5 14.1 2.7 10.6 47.0 12.7 196.8 179 33.9 134.1 597 13.2 168 
D 150 147 245 12.4 9.1 3.1 10.0 41.0 110.1 37:8 1275 S02 12.9 158 
E | 169 218 S85 42 9.9* 86.6 54.0 40.4 115.4 369 15.4 152 
F 196 189 185 tivo 3.2: 9.2 106.4 33.5 48.4 112.1 421 16.2 150 


* First period after start of infusion of albumin. 


subjects was invariably related to the rate at which 
the initial 25 gm. aliquot of albumin was adminis- 
tered (Tables III and IV). When the initial ad- 
ministration was rapid, the antidiuresis averaged 
60 per cent (no. 1 to no. 4), whereas a slower in- 
fusion resulted in an average drop in urine flow 


TABLE Il 


The effects of variations in the rate of administration of 
25 per cent albumin on the magnitude and 
duration of antidiureses 


Rate of Rate of 
Amt, adm. of adm. of Max, 
alb. first 25 total anti- 
Study infused gm. alb. amt. alb. diuresis 
gm. am./min. gm./min,. % 
1 60 1.66 0.86 58 
2 50 1.47 0.72 75 
3 100 1.56 1.06 65 
4 50 1.38 1.25 40 
5 65 0.78 1.01 24 
6 100 0.78 0.68 25 
“f 50 0.69 0.53 17 
8 100 0.65 0.71 No anti- 
diuresis 
9 62.5 1.25 1.02 33 
10 125 2.77 1.89 30 
11 60 2.08 1.30 38 


of 22 per cent in three studies (no. 5 to no. 7), and 
in a slight diuresis in study 8. It is doubtful that 
variations in the rate of administration of the re- 
mainder of the infusion had any effect on the rate 
of excretion of urine. The validity of these obser- 
vations was tested by administering identical 
amounts of albumin to the same subjects at rapid 
and slow rates on two different occasions (studies 
4 and 7, and 3 and 8). Their responses coincided 
with the pattern described above. The responses 
in the patients with diabetes insipidus were similar 
to those normal subjects to whom the albumin was 
administered slowly. The albumin was adminis- 
tered rapidly in each study of the patients with 
diabetes insipidus (no. 9 to no. 11) but the rate of 
excretion of urine diminished only 30 to 38 per 
cent. 

The rate of excretion of total solutes was dimin- 
ished during the periods of antidiuresis in all ex- 
periments except study 8 (Tables ITA and IV). 
These alterations were quite uniform and the de- 
lineation between slow and rapid infusions of al- 
bumin noted with respect to the excretion of water 
was not evident. 
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TABLE IV 
The of 25 cent on the rates excretion tad HO, | Na, and total solutes 


Rate of excretion during Crt U IS 
max. antidiuresis Te decrease in in rate 
T otal Total 4 Na Before anti- 
solutes solutes % & solutes alb. diuresis 


Rate of excretion 
before albumin 


Total 
solutes 


Hv Na 


wom. juin. 
519 
548 
717 
558 
573 
509 
563 
678 
774 
618 
421 


Na Hv Na 


on. juin. cc./min. 
116 612 
121 667 
57 866 
131 725 
105 683 
22.3 653 
111 815 
76 687 
200 1,044 
191 794 
187 576 


juin. 


COONS 


43.1 26.9 


* Diuretic response. 
t Rapid infusions in patients with diabetes insipidus. 


TABLE VA 
The nthe ADH on clearances, and rates excretion of solutes 


Concentration in urine Rates of exc sretion 


Time vol. kK Urea Total 


K 


Period Urea T otal 


Study Hx 
pwOsm./min. 
108.2 
80.8 
127.5 
117.5 
117.0 


mOsm./J.. 
2:5 


min. 
12. 68 
Vv. P. 231 
257 
310 
364 


656 
463 
686 
612 
$23 


586 
536 
471 
445 
459 
257 418 
266 465 


117.0 

78.0 
112.3 
124.1 
128.5 


96.4 
63.3 


320 
231 
302 
283 
261 


309 
326 
291 
274 
278 


95 
194 
216 
255 
281 
394 
414 


a 
— 


18.1 31.6 


“6 Ven nipunc ture. 


¢ 2.5 mU pitressin I-V. 


TABLE VB 


The effects of and ADH on the rates excretion Na, and total solutes 


Rate of excretion in 
control period 


Total 
solutes 


Study Ho Na 


pOsm./min. 


656 
612 


cc. min, 


Rate of excretion during 


max. antidiuresis “% decrease in rate 


Na 


Total 
% 4 solute s 


solutes 


Total 
solutes 


Hw Na Hw Na 
0mm. 
30 
14 


5 


Crt 


Control 


period 


Ys 
Max. anti- 
diuresis 


° Venipune ture (probably e nous ADH). 


t 2.5 mU pitressin administered I-\ 


and Welt, L. G., J. Clin. Invest., 


t From: Nelson, W. P., III, 


1952, 31, 392. 


Study HO 
a. 
: 1 18.0 2.8 2.33 
: 2 19.7 75 31 18 1.72 
; 3 17.2 65 33 17 1.94 
: 4 17.7 40 53 23 2.30 
Oe 5 14.4 24 34 16 2.12 . + 
: 6 11.0 25 21 22 0.95 
7 16.9 1.32 
17.6 1 +12 +32 2 
25.6 | 33 48 26 1.84 
10t 22.0 1 30 1.05 
lit 12.6 1 38 1.60 
Cr 
u/s Cer 
min. 
8 9.7 143 
- 3 43.1 151 
4 11.9 159 
4 13.3 150 
6 24.7 148 
13. A 408 22.4 27.4 3 || 117.8 42.5 36.3 156 
K. B. B 1,482 4.2 6.3 0 94.8 41.4 10.5 157 
Oe 314 3.1 4.8 3 45.1 68.5 45.3 10.4 149 
D 332 47 99 5 40.0 84.2 45.0 17.4 148 
k 320 24 5.5 3 29.2 67.3 61.4 12.3 151 
F 1,431 2.8 4.1 7 35.4 52.0 44.9 11.9 145 
G 294 3.8 3.6 4 55.3 52.8 44.3 133 166 
‘ ‘ 
12° 14.7 117 | 9.7 43.1 
11.3 124 | 13.3 24.7 
13t 14.3 45 471 8.5 40 445 41 11 | 22 10.4 17.4 
Ptt 14.4 94 7.9 104 45 +10 
Deltt 6.9 160 2.7 123 61 © 
Stt 14.8 139 3.4 86 77,38 
Htt 136 73 4.7 55 65 25 


ANTIDIURETIC EFFECT OF HYPERONCOTIC ALBUMIN SOLUTION 


The rate of excretion of sodium (and chloride) 
also diminished in all cases except no, 8. The 
magnitude of the antisaluresis was quantitatively 
similar in all studies. The alterations in the rate 
of excretion of sodium were relatively larger than 
those of total solutes as is demonstrated by exami- 
nation of A Na/A solutes ratios presented in Table 
IV. 

The rate of excretion of potassium was slightly 
accelerated during the antidiuretic phase in all 
cases. The rate of excretion of urea decreased in 
all studies during the antidiuresis. Although the 
rate of excretion of this solute remained low dur- 
ing the recovery periods in the face of a rising urine 
flow, the urea clearance returned to pre-albumin 
infusion levels during the recovery phase in those 
few instances in which it was measured (studies 
2, 9, and 10). 

One subject (no. 12) (Tables VA and VB) 
responded to two nontraumatic venipunctures with 
a marked inhibition in urine flow. Since this was 
not attended by a decrease in the clearance of 
creatinine, these antidiureses were presumed to be 
a consequence of the liberation of antidiuretic hor- 
mone by the posterior pituitary gland due to a 
non-specific emotional stimulus. The decrease in 
the rate of excretion of urine amounted to 77 and 
47 per cent. In the first instance, the rate of excre- 
tion of total solutes as well as sodium diminished, 
but during the second antidiuresis the rate of ex- 
cretion of total solutes diminished only slightly 
while that of sodium remained essentially un- 
changed. 

Ina final study, no. 13 (Tables VA and VB), an 
antidiuresis was produced by the intravenous ad- 
ministration of 2.5 mU of pitressin. This was as- 
sociated with only a small change in the rates of 
excretion of sodium or total solutes. 

DISCUSSION 

The antidiuresis promoted by the infusions of 
hyperoncotic solutions of albumin may be explained 
within the framework of the current concepts of 
renal physiology (17) as a consequence of a de- 
crease in the rate of glomerular filtration or an 
increase in the renal tubular reabsorption of water. 
This latter, in turn, may occur as a passive conse- 
quence of an enhanced reabsorption of solutes, 
presumably in the proximal tubule, or as a result 
of the action of the antidiuretic hormone of the pos- 
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terior pituitary gland, presumably in the distal 
portion of the nephron, 

There is evidence from other studies (4, 5, 18, 
19) employing the clearance of mannitol and inu- 
lin, as well as creatinine, that the infusion of a 25 
per cent solution of albumin does not result in a 
decrease in the rate of glomerular filtration. The 
clearances of endogenous creatinine in this in- 
vestigation would tend to support this contention. 
These antidiureses appear, therefore, to be de- 
pendent on an enhanced reabsorption of water in 
the renal tubules, and the increases in the creati- 
nine U/S ratios which accompanied the decreases 
in the rate of flow of urine support this thesis. 

The importance of Verney’s observations (20) 
concerning emotional stimuli as a factor in the 
liberation of ADH is vividly illustrated in study 
12. This subject responded to two venipunctures 
with striking antidiureses. Since the venipuncture 
prior to the infusion of albumin did not cause an 
antidiuresis in studies 1 through 9 (see Ixperi- 
mental Procedure and Methods), and no further 
venipunctures were performed until after the anti- 
diuresis had been observed, this type of trauma 
can be excluded as a cause for the decrease in 
urine flow observed in association with the in- 
fusions of albumin. 

The antidiuresis promoted by the slow infusion 
of albumin was associated with a decrease in the 
rate of excretion of sodium, unaccompanied by an 
increase in the concentration of sodium or total 
solutes in the urine. The character of this anti- 
diuresis was identical with that observed on three 
occasions in two patients with diabetes insipidus, 
and differed materially from that induced by a 
venipuncture and exogenous antidiuretic hormone. 
It appears unlikely, therefore, that the antidiuresis 
could have been mediated by a liberation of antidiu- 
retic hormone from the posterior pituitary gland. 
Moreover, since the diminished rate of flow of 
urine was always associated with a decrease in 
the rate of excretion of solutes, it is most readily 
explained as an increased reabsorption of water 
secondary to increased solute reabsorption, pre- 
sumably, in the proximal tubule. 

The antidiuresis was more intense in those ex- 
periments on normal subjects in which the solu- 
tion of albumin was administered rapidly. This is 
difficult to explain simply as a more profound ex- 


pression of a single antidiuretic mechanism in re- 


. 
4 
‘ 


sponse to a more intense stimulus for the follow- 
ing reasons: 


1. The intensity of the antisaluresis was not in- 
fluenced by the rate of infusion of the solution of 
albumin. 

2. The rate of infusion of albumin in the pa- 
tients with diabetes insipidus was comparable 
with the rapid infusions in the normal subjects, 
but the degree of antidiuresis in these patients was 
more comparable with that observed in the nor- 
mals who received the albumin slowly. 


These data imply that there may well have been 
an additional antidiuretic mechanism operating in 
the normal subjects who received the infusion of 
albumin ata rapid rate. The facts that this addt- 
tional antidiuresis was unassociated with an addi- 
tional antisaluresis, and was not elicited in the pa- 
tients with diabetes insipidus, suggest that the 
rapid infusion of albumin may have stimulated the 
secretion of the antidiuretic hormone of the pos- 
terior pituitary gland. 

Two sets of paired studies were performed in 
which the same subject was infused with the solu- 
tion of albumin rapidly on one occasion and more 
slowly in another experiment. The role of a condi- 
tioned response was eliminated by reversing the 
order in which the paired studies were performed. 
In each instance the antidiuretic response was more 
marked with the rapid infusion of albumin. These 
studies would appear to eliminate an emotional 
reaction as the stimulus responsible for a posterior 
pituitary antidiuretic response associated with the 
rapid infusions. 

Study 8 is anomalous and there is no obvious 
explanation for this discordant experiment. The 
fact that a diuresis occurred may be attributed to 
the increased rate of excretion of sodium. 

It is not clear from these data whether solutes 
other than sodium and chloride are reabsorbed 
more rapidly when the oncotic pressure of the 
plasma is increased. The rate of excretion of po- 
tassium appeared to be accelerated. Urea was the 
only other osmotically active urinary solute de- 
termined. Since it presumably escapes from the 
glomerular filtrate by passive diffusion the excre- 
tion of urea may be expected to vary directly with 
urine flow. There is no information at this time 
concerning the effect of an increase in oncotic 
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pressure of the plasma on the tubular reabsorption 
of glucose, bicarbonate, or other solutes. 

The precise mechanism by which an increase in 
the rate of reabsorption of sodium occurs remains 
to be established. It has been suggested that the 
increase in colloid osmotic pressure of the plasma 
in the tubular vessels might serve to withdraw 
water and solutes out of the tubular lumen (21). 
This neglects the fact that the oncotic pressure of 
the plasma is effective in the transfer of fluid be- 
tween the vascular compartment and the inter- 
stitial fluid and would not be expected to alter the 
distribution of fluid across the cell membrane. 
It has been previously suggested that there might 
be a receptor organ within the vascular tree that 
responded to alterations in oncotic pressure and, 
as a consequence of stimulation, promoted altera- 
tions in renal tubular activity with respect to the 
reabsorption of salt (5). 1* is clear that more 
data must be obtained before any explanation can 
be offered. 


SUMMARY AND CONCLUSIONS 


The intravenous administration of hyperoncotic 
solutions of albumin to normal subjects undergo- 
ing maximal diureses of water and to patients with 
diabetes insipidus results in an expansion of plasma 
volume. Since the increase in plasma volume ex- 
ceeds the volume of the solution of albumin in- 
fused it is inferred that the oncotic pressure of the 
plasma had been increased and that this had pro- 
moted the movement of interstitial fluid into the 
blood stream, These changes were accompanied 
by decreased rates of excretion of solutes and water 
unassociated with a decrease in the rate of glomeru- 
lar filtration. 

The antidiureses observed in the normal sub- 
jects who received the infusions of albumin at a 
slow rate were qualitatively and quantitatively 
similar to the antidiureses observed in the patients 
with diabetes insipidus and, therefore, may be as- 
sumed to be independent of the antidiuretic hor- 
mone of the posterior pituitary gland. The in- 
creased renal tubular reabsorption of water ap- 
pears to be best explained as a passive consequence 
of an enhanced reabsorption of sodium chloride, 
presumably in the proximal tubule. 

The rapid administration of the solution of al- 
humin increases the magnitude of the antidiuretic 
response in normal subjects, but not in patients 


. 
4 
ro, 
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with diabetes insipidus. In addition, the antidiu- 
resis under these circumstances has some of the 
characteristics of a response to ADH. It may be 
that a very rapid increase in oncotic pressure of 
the plasma promotes the secretion of ADH in ad- 
dition to the acceleration of the tubular reabsorp- 
tion of solutes. 
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The viscosity of the blood is an important factor 
in any consideration of blood flow or peripheral 
resistance (1). In addition, a change in blood vis- 
cosity has been implicated in many clinical con- 
ditions (2-6). The determination of blood vis- 
cosity in man, however, has been limited by poor 
techniques of doubtful accuracy. With the meth- 
ods now available, blood is removed from the body 
and its viscosity determined relative to water. 
This relative viscosity is of limited value in any 
quantitative hemodynamic study, and cannot be 
converted into accurate absolute values because of 
changes occurring in the blood subsequent to its 
removal from the body. If the viscosity of blood 
in its unchanged state could be determined, an 
important experimental value would be made 
available. A technique for such a measurement is 
now described. 


METHOD 


According to Poiseuille’s law (7), during laminar flow 
of a homogeneous fluid in a tube of constant diameter, the 
frictional energy loss bears a linear relationship to the 
volumetric rate of flow and is independent of the vessel 
wall. Absolute viscosity of a fluid can be determined by 
passing the fluid through a tube of known length and 
radius while measuring the rate of flow and the differ- 
ence in pressure between the ends of the tube. This re- 
lationship is expressed by the following formula: 


q 

where 7 = absolute viscosity in grams sec. per cm.?; q= 
volumetric rate of flow as per sec.; r= radius and 
1=length of tube in cm.; f = frictional loss of energy as 
cm.’ per gram (8). If the absolute viscosity is expressed 
in dyne sec. per cm.’, the unit of viscosity is the poise or 
centipoise (9). 

It has been shown that in vessels greater than 0.3 mm. 
diameter, blood behaves as a homogeneous mixture (10), 
and at physiological pressures its flow is laminar (8). 
According to formula (1), viscosity is independent of 
the character of the vessel wall and a tube may be sub- 
stituted for a blood vessel to allow an accurate determina- 
tion of length and radius. The insertion of such a branch- 
ing system does not invalidate Poiseuille’s law. If a needle 


9g = 


is to act as the tube, the factor mr‘/8l is more readily ob- 
tained by measurements of flow rates of distilled water 
at known pressures than by attempted determination of 
the cross sectional area of the needle, the bore of which 
is not constant. This was done by measuring the rate 
of flow of distilled water at 20°C from a reservoir of 
known height. The following relationship then holds: 


art 
8l 
Substituting the absolute viscosity of water at 20°C, and 


converting it into centipoise, the needle factor X is 
derived from the formula: 


(2) 


X = (8859) (3) 


where q and f have the meaning given above. Experi- 
mentally it was found that a long no. 18 gauge needle 
(length 90 mm.; inside diameter 0.838 mm.) served best 
for accurate calibration and viscosity determination. This 
needle has an internal bore well above the critical 0.3 mm. 
diameter that has been found necessary for blood to act 
as a homogeneous mixture in a tube (10). Green's (8) 
criteria that the minimum length of a tube should be at 
least twenty times the diameter, in order to minimize 
pressure losses, is also satisfied. With such a calibrated 
needle, the viscosity of whole blood may be determined 
by the relationship: 


(f)(X) 
(4 
) 


In order to express viscosity in a less cumbersome form, 
conversion to poise units is desirable. This is accom- 
plished by dividing first by a factor of 980, which converts 
gram sec. per cm.’ to dyne sec. per cm.’, and then by 
100 to convert poises to centipoise, as follows: 


(f)(X) 


7= (q) (98000) (5) 


where f and q are calculated as follows. A calibrated 
needle connected to a saline manometer is inserted into 
a large superficial vein. The pressure in the vein is 
raised to 200 to 400 mm. water by lowering the vein well 
below the level of the heart. When the pressure at the 
needle point has stabilized the glass connector to the 
saline manometer is disconnected. Blood is allowed to flow 
freely through the needle and is collected in a calibrated 
heparinized tube over a period timed by stop watch; the 
pressure within the vein is immediately rechecked. The 
flow rate (q) is then calculated as cm.* per sec. and 
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should be kept at the level of 0.1 cm.* per sec. In this 
fashion, approximately thirty seconds will be sufficient 
to collect the 3 cm.* of blood necessary for an accu- 
rate measurement of flow rate. On the collected blood, 
hematocrit determinations were made by centrifuging 
the specimen in a Wintrobe tube for thirty minutes at 
3,000 r.p.m. The pressure as read on the manometer plus 
atmospheric pressure represents the pressure head at the 
needle point. As the end of the needle is exposed to the 
atmosphere during blood flow, the pressure gradient is 
represented by the determined venous pressure. If the ve- 
nous pressure in cm. is multiplied by the density of the 
fluid in the manometer, pressure is converted into cm.’ per 
gram and represents the frictional loss of energy during 
blood flow, or f. Using a saline manometer, the den- 
sity conversion factor is 1, and the venous pressure de- 
termination in cm. may be substituted for f. Absolute 
viscosity is then calculated in centipoises according to 
formula (5). 

Three major inaccuracies may occur with this ’method. 
(1) It is well known how variable venous pressure may be. 
The subject should be relaxed and the volumetric rate of 
blood flow should not be measured until at least three 
similar readings of venous pressure have been obtained. 
The venous pressure should be rechecked immediately 
after the determination of the flow rate, and if a gross 
discrepancy exists between this and previous measure- 
ments, the blood flow determination must be discarded. 
When minor differences exist, a mean value should be 
taken as the venous pressure during the thirty second pe- 
riod of blood flow determination. (2) The assumption is 
made that the venous pressure is the same during its 
measurement and during the blood flow determination. 
However, it is known that the pressure head acting on 
a tube increases in a change from the static state to active 
motion (9). This error in the method is partially off-set 
by the fact that the needle does not completely occlude the 
vein, and a static state does not exist. The magnitude of 
this error, however, has not yet been determined. (3) 
Changes in blood temperature during determination of 
viscosity will lead to inaccurate results. Accordingly, 
longer needles and flow rates less than 0.1 cm.’ per sec 
should be avoided unless the needle is thermostatically 
jacketed. 

Blood viscosity is dependent on the volume of packed 
red cells and the concentration of plasma constituents. 
Normally the erythrocytes are responsible for the major 
contribution to the viscosity. However, in certain con- 
ditions (e.g., cryoglobulinemia) the presence of highly 
asymmetric molecules play a major role and this may be 
an important factor in the clinical picture. In this study 
an attempt was made to correlate the hematocrit with the 
absolute blood viscosity. Accordingly, patients with ab- 
normal plasma constituents, or erythrocytes of abnormal 
size and shape, were excluded from the study group. In 
this way it was hoped to arrive at the normal relationship 
of absolute viscosity to the hematocrit. 


BLOOD VISCOSITY 


RESULTS 


On a hospital population, selected as above, 154 
absolute viscosity determinations were carried out 
on 72 patients (Table 1). A single determination 
was made on nineteen patients ; thirty patients had 
two determinations, eighteen patients three deter- 
minations, four patients four, and one patient five 
measurements of viscosity. In the 53 patients 
whose viscosity levels were repeated, the average 
intra-subject standard deviation was 0.12. Thus, 
at a hematocrit ranging about 45 per cent, the vis- 
2.70 + 0.12 centi- 
poises; the coefficient of variation at this level is 
therefore 4.5 per cent. 


cosity was determined to be 


This means that when 


. . . 
one observation is recorded using the above tech- 


nique, the true value will be within 8.9 per cent of 
This 


is well within the range of error encountered in 


the observation in 95 per cent of the cases. 


most hemodynamic procedures today. 
Determinations were made at hematocrit ranges 
from 14 per cent to 76 per cent and mean absolute 
viscosity levels of 1.32 to 7.80 centipoises were 
found. When the hematocrit ranged from 40 per 
cent to 45 per cent, absolute viscosity ranged from 
2.30 to 2.75 centipoises. 
and effectively narrows the range of normal vis- 
cosity approximated by Green (8) as 1.75 to 2.80 


This value falls within 


centipoises, which was obtained by converting vari- 
ous in vitro determinations to absolute values. The 
results are summarized in Table I. 

When the absolute viscosity is plotted against 
the hematocrit (Figure 1), a smooth curve is ob- 
tained which closely follows the slope of a formula 
derived by Hatschek (11, 12) : 

(6) 
where » = viscosity of whole blood, », = viscosity 
of plasma, and ¢@ = hematocrit expressed as a 
fraction. Hatschek’s formula as presented in Fig- 
ure 1 is derived from the calculations of Trevan 
(13) by converting relative to absolute units. 
This has been done by using Trevan’s finding of a 
relative viscosity of 4.42 at a hematocrit of 46 
per cent as equal to the experimentally found ab- 
solute viscosity of 2.70 centipoises at the same he- 
matocrit. 
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TABLE I 
The absolute blood viscosity and hematocrit of 72 patients 


Viscosity in centipoise 


Viscosity in centipoise 
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Mean 


21 


22 


23 


24 


27 


32 


33 
34 


35 


FF SSF 


Qo 
on 


SS SS 


- 


SSAD 


Hemato- Determi- Hemato- 
Mean crit nation Mean crit 
1.53 37 ‘ 1.81 
2.09 2.42 
2.15 


1.96 


205 | 38 2.27 2.27 
2.26 2.2 50 
1.32 2.27 
1.80 1.82 
1.84 $2.5 
10 39 2.40 2.48 
252 53 
2.53 
1.56 
40 2.42 2.42 
2.31 2.31 
2.24 2.29 
1.66 2.34 
41 2.20 2.26 
1.69 2.28 
2.31 54 
2.68 2.68 
2.17 2.35 2.44 
2.39 
2.57 
42 2.32 2.32 


55 
1.88 43 2.33 2.33 
2.69 ; 
9 56 
1.94 2.72 2.75 
58 
2.78 
1.81 1.82 1.85 
1.87 
1.62 1.87 60 
1.87 44 2.54 2.54 
45 2.51 2.61 
2.56 
2.19 
2.07 2.70 
2.16 2.72 219 
2.27 2.76 
2.21 2.77 72 
1.70 2.27 2.32 
2.32 
2.3 
2.76 2.79 
1.67 2.82 
2.13 46 2.22 2.22 
2.96 3.04 73 
3.04 
3.07 
3.10 
2.16 76 
47 2.76 2.77 
2.77 


3.09 
2.80 


2.89 


WWW w 
Crm 


n> 


5.13 


6.35 


7.02 


5.40 


7.80 


294 
| 
Hemato- Determi- Determi- 
14 1.69 3.00 
1.37 3.18 
2.76 
19 1.99 2.84 
i 2.03 37.5 2.33 2.35 
4 1.87 2.37 48 2.67 || 
2.12 
3.04 3.04 
|_| 1.26 
: 1.36 3.14 3.1 
1.34 3.22 
1.69 
1.70 aed 
2.80 
3.35 3.35 
3.41 3.41 
30 3.41 
| 3.66 3.70 
3.70 
q 3.74 
30.5 3.59 3.59 
3.54 3.54 
31 
3.66 3.66 
31.5 3.77 
3.80 4.10 
4.15 
4.16 
4.27 
4.91 
5.14 
5.33 
6.16 
6.31 
6.57 
6.97 
7.03 
7.06 
5.04 
5.15 
6.00 
143 
7.84 
7.84 


DETERMINATION OF BLOOD VISCOSITY 


ry 


A 
10 20 30 Lo 50 60 w 
HEMATOCRIT 


THE RELATIONSHIP BETWEEN THE ABSOLUTE VISCOSITY OF WHOLE BLOOD IN 
CENTIPOISE AND THE HEMATOCRIT 


Fie. 1. 


The curve represents the theoretical relationship expressed by Hatschek’s formula and is de- 


rived from the calculations of Trevan as explained in the text. 


DISCUSSION 


An “ideal fluid” is one in which internal forces 
at any internal section are always normal to the 
section, even during motion; that is, forces are 
purely pressure. Since there can be no tangential 
force, the fluid is frictionless. This type of fluid 
does not exist. In an “actual fluid,” in addition 


to the pressure forces, tangential or shearing 
stresses always come into play whenever motion 
takes place. This shearing stress gives rise to fluid 
friction, and is due to the property of the fluid 
termed viscosity (9). 

Many methods have been devised for the deter- 
mination of blood viscosity. The original attempts 
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(14, 15, 16) were inaccurate and were replaced 
by the method of Hess (17). This technique 
measures the comparative rate of flow of blood 
and water in similar tubes as an equal pressure is 
General dissatisfaction with the method 
has been made evident by repeated attempts to 
produce a more accurate technique (13, 18-22). 
All of these methods were of the in vitro type and 
yielded values for the viscosity of blood relative to 
water. 

The removal of blood from the body produces 


applied. 


many changes in the blood which prevent a con- 
version of relative to absolute blood viscosity. 
Any method endeavoring to determine accurately 
blood viscosity must standardize the following 
factors: (a) Blood temperature. 
(23) showed that with cooling of blood, viscosity 


Burton-Opitz 


increased, This increase has been said to range 
from 0.8 per cent (24) to 2.0 per cent (&, 16) per 
degree centigrade of cooling. From Langstroth’s 
(25) experimental findings, however, there is ap- 
proximately a 3.0 per cent rise in viscosity with 
(b) Fluidity 
of blood. As viscosity is calculated by determining 


every degree centigrade of cooling. 


flow rate, clotting will lead to erroneous values, 
Brundage (19) found that tn vitro measurements 
of viscosity without anticoagulants were unsuccess- 
ful. Yet rendering the blood fluid by defibrination 
(26), heparin (21) and hirudin (27) has been 
found to change blood viscosity. 
late salts which change cell volume is also inac- 


The use of oxa- 


curate, as viscosity varies with cell volume (28, 29). 
(c) Sedimentation of the blood. 
packed red cells influences blood viscosity. There- 


The volume of 


fore, blood settling during determination of vis- 
cosity will lead to erroneous values. (d) Blood 
It has been shown (25, 
30) that a change in the carbon dioxide content of 


carbon dioxide content. 


the blood changes its viscosity, with the viscosity 
rising as the carbon dioxide content increases. 
Accordingly, it is necessary to equilibrate blood 
to atmospheric tension of carbon dioxide for ac- 
curate in vitro determinations. (e) Tube diameter. 
To determine viscosity according to Poiseuille’s 
law, the fluid must be homogeneous. Fahraeus 
(10) found that blood acted as a homogeneous mix- 
ture only in tubes of 0.3 mm, diameter or larger. 
Below this point, viscosity decreases with the re- 
duced diameter of the tube and does not follow 


Poiseuille’s law. (f) Pressure-flow relationship. 
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Poiseuille’s law can be applied to the motion of 
fluids only when that motion is laminar. Applying 
Reynold’s equation, it is found that physiological 
blood flow is laminar except possibly in the aorta 
during the ejection phase (8). Bayliss (31) found 
that the change of viscosity with velocity of flow 
is marked at low velocities, but becomes less evi- 
dent as velocity increases. At physiological pres- 
sures an optimum range of velocity exists so that 
viscosity is unaffected by flow rate (17). Fahraeus 
(10) used a pressure of 100 mm. Hg and con- 
sidered that far above the critical level. Whittaker 
and Winton (32) found that pressures of 30 mm. 
to 120 mm. Hg maintained accurate viscosity- 
pressure relationships. 

In order to compare in vivo and tn vitro vis- 
cosity determinations, Whittaker and Winton (32) 
perfused the blood vessels of the hind limb of a 
dog. As expected from the capillary diameter, 
they found intravascular viscosity lower than vis- 
cosimetric values. Because of this, “apparent vis- 
cosity”’ was estimated on the basis of a modification 
of Poiseuille’s law and no attempt was made to 
determine absolute viscosity. Mendlowitz (33) 
also employed this approach in determining digital 
intravascular viscosity in man. Objections can be 
raised in this application of Poiseuille’s law for the 
determination of intracapillary viscosity. In his 
study on capillaries, Landis (34) found that Poi- 
seuille’s law could not be applied to a quantitative 
consideration of pressure drops in capillaries. 
This is borne out by Green’s (8) demonstration 
that capillary blood flow is of the plastic type rep- 
resenting an interaction between the walls of the 
tube and the liquid. This is in contrast to viscous 
flow which represents solely an interaction between 
the layers of the fluid. 

In the present method Poiseuille’s law is used 
to determine the viscosity of blood as it flows in 
vessels 0.3 mm, diameter or larger. The advan- 
tage of the method is that viscosity is determined 
without changes in the blood and may be expressed 
in absolute units, allowing direct application in 


quantitative hemodynamic calculations. 
The demonstration that the absolute blood vis- 


cosity is related to the hematocrit according to 
the formula described by Hatschek (11, 12) per- 
mits examination of the behavior of that com- 
ponent of the viscosity attributable to the red cell 
mass. Hatschek originally described this relation- 
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ship for colloidal systems and found it applicable 
to systems with corpuscular concentrations of 65 
per cent or greater. Trevan (13) showed that 
this formula applied to blood, demonstrating a + 1 
per cent relationship at hematocrits above 45 per 
cent. The flat shape and easy deformability of the 
erythrocyte was believed to allow the application 
of this formula at lower hematocrits. Whittaker 
and Winton (32) modified the formula as given 
above (formula 6) and found it applicable for he- 
matocrit ranges from 10 to 80 per cent. In their 
review of this relationship, they found that the 
slope of the derived curve was independent of 
viscosity units or pressure and could provisionally 
be adopted as an empirical relation between he- 
matocrit and viscosity. Trevan made im vitro 
measurements of viscosity and Whittaker and Win- 
ton used a biological viscometer. A similar re- 
lationship between absolute blood viscosity and 
the hematocrit has been demonstrated in the pres- 
ent study. 

The relationship of hematocrit to intracapillary 
blood viscosity described by Whittaker and Winton 
(32) and confirmed by Mendlowitz (33) was not 
found. This demonstrates again that blood viscos- 
ity in the capillaries and in vessels of 0.3 mm. 
diameter or larger are of different magnitudes. 
When the two levels of viscosity are compared, 
there is a wide divergence at low hematocrits and 
a closer approximation in polycythemic patients. 

The linear relationship between viscosity and 
hematocrit described by Holbrook and Watson 
(35) and Nygaard, Wilder, and Berkson (36) 
was not confirmed. The latter observers, how- 
ever, found it necessary to exclude cases of poly- 
cythemia in order to arrive at a linear relationship. 
The error introduced by excluding these values is 
obvious when it is realized that in polycythemia 
there is a sharp rise in the ratio of viscosity to 
hematocrit. 

By varying mixtures of erythrocytes and plasma, 
Evans (37) found a linear relationship between 
the hematocrit and the logarithm of the viscosity. 
On the limited data available it was not possible 
to confirm or deny this relationship. 

Although knowing the hematocrit allows the 
absolute blood viscosity to be approximated, it 
should be stressed that this is possible only when 
the erythrocytes are normal in size and shape, and 
the plasma constituents are of normal concentra- 
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tion. There are several suggestions in the litera- 
ture of disease states in which blood viscosity levels 
are abnormal. Sickle cell anemia (38), leukemia 
(39), hypercholesterolemia (40), hyperglycemia 
(41), and changes in plasma protein values (42) 
are all said to cause changes in blood viscosity. 
As these observations were made with methods 
of doubtful accuracy, detailed reinvestigation is 
necessary before conclusions can be drawn. 


SUMMARY 


1. A method for the determination of absolute 
blood viscosity in vessels of 0.3 mm. diameter or 
larger is described. This technique involves vene- 
puncture, a determination of venous pressure, and 
the measurement of flow rate of blood through a 


calibrated needle. 

2. In 72 patients the hematocrit was correlated 
with the absolute viscosity and found to follow 
closely the slope of a curve derived from Hatschek’s 
formula. Patients with hematocrits from 14 to 
76 per cent were studied and were found to have 
absolute viscosity levels of 1.32 to 7.80 centipoises. 
At hematocrits of 40 per cent to 45 per cent, blood 
viscosity was found to range from 2.30 to 2.75 
centipoises. 

3. The average intrasubject standard deviation 
utilizing this method was found to be 0.12 with a 
coefficient of variation of 4.5 per cent. 

4. The use of Hatschek’s formula and the he- 
matocrit to predict absolute blood viscosity is dis- 
cussed. Some of the conditions leading to an 
abnormal hematocrit-viscosity relationship are 
mentioned. 
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AN EVALUATION OF RADIOSULFATE FOR THE DETERMINA- 


TION OF THE VOLUME OF EXTRACELLULAR FLUID 


IN MAN AND DOGS! 


By MACKENZIE WALSER,? DONALD W. SELDIN, ann ARTHUR GROLLMAN 


(From the Departments of Internal Medicine and Experimental Medicine, Southwestern Medi- 


INTRODUCTION 


Reasonably satisfactory methods have been de- 
veloped for estimation of plasma volume (1) and 
total body water (2, 3) in normal subjects. On 
the other hand, no entirely satisfactory substance 
for estimating the volume of the extracellular fluid 
has as yet been found. It is not surprising that 
the material for this purpose should be more diffi- 
cult to select, since, in order to have a volume of 
distribution equal to the extracellular fluid, it must 
be capable of passing through one membrane, the 
capillary wall, and yet be effectively excluded by 
the other, the cell wall. 

The use of large molecules such as inulin (4, 5) 
and sucrose (6, 7), which are excluded for the 
most part from body cells, is restricted by their 
slow rate of capillary diffusion, particularly in the 
case of inulin, which generally necessitates a con- 
stant infusion and limits the applicability of these 
methods in edematous states (8). Mannitol, which 
diffuses more rapidly (9, 10), suffers from the dis- 
advantage of changing extracellular fluid in two 
ways in the process of measuring it, because the 
plasma concentration required for accurate analysis 
exerts an effective osmotic pressure which draws 
water from cells, thereby expanding extracellular 
fluid volume, at the same time that a mannitol diu- 
resis is sweeping sodium chloride into the urine. 

Several tons which diffuse rapidly into the in- 
terstitial fluid have been employed for the measure- 
ment of extracellular volume, including bromide 
(11, 12), thiocyanate (7), thiosulfate (13, 14), fer- 
rocyanide (15), and sulfate (7, 16). Bromide 
(17), thiocyanate (7, 18), and thiosulfate (13) 
all penetrate cells to a significant extent. Thiosul- 
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fate, ferrocyanide, and sulfate suffer from the 
disadvantage of rapid urinary excretion which 
makes estimation of the amount remaining in the 
body at any given time subject to error. In ad- 
dition, in the case of sulfate, correction for the 
amount normally present in plasma and urine is 
a further source of difficulty, while in the case of 
ferrocyanide, evidences of nephrotoxicity have 
been reported (19). 

Radioactive labelling has made possible the use 
of sodium (18, 20-23) and chloride (18, 24, 25). 
As is the case with bromide, these substances pen- 
etrate cells rapidly and at several different rates 
so that correction for the amount which has pene- 
trated at any given time is difficult. A further 
disadvantage is their inconvenient half-life (14.8 
hours for Na**, 37 minutes for Cl**, and 2 x 10° 
years for Cl**), 

Sulfate labelled with S** has several theoretical 
advantages. Since the weight of sulfate injected is 
negligible (less than 5 micrograms ), the serum con- 
centration of sulfate is unaltered. Consequently, 
the rate of urinary loss remains sufficiently be- 
low the glomerular filtration rate to minimize 
errors induced by excessively rapid renal ex- 
cretion, and yet is rapid enough so that little radio- 
activity remains in the blood after a few days. No 
correction for endogenous material is necessary, 
and, since the effective osmotic pressure of the ex- 
tracellular fluid is unchanged, internal fluid ex- 
changes are not altered. S*® has a convenient 
half-life of 87.1 days. The disappearance from 
the plasma of radiosulfate injected intravenously 
into normal human subjects, with observations as 
to the magnitude of the “radiosulfate space,” has 
been presented in a preliminary report (26). 
This paper records further observations on the fate 
of radiosulfate in man and dogs, and an evaluation 
of its use as a substance with which to measure 
the volume of the extracellular fluid. 


H 
‘ 


300 


The volume of distribution in water of the body 
of any foreign substance injected into the blood 
may be calculated as: 


Amount injected — amount excreted 
Concentration in interstitial water’ 


Where the substance is distributed at a uniform 
concentration throughout one phase of body fluids 
this calculation gives the actual volume of that 
phase, excluding the volume occupied by protein. 
As the substance penetrates into other phases of 
body fluids, its “volume of distribution” increases, 
but under these circumstances the calculated “vol- 
ume” does not correspond to an actual volume of 
body fluid; nevertheless, it constitutes a useful 
measure of the amount of penetration which has 
occurred, After penetratiag cells, a reference sub- 
stance may also undergo metabolic transformation 
within the cell; here, too, the “‘volume of distribu- 
tion” is an index of the amount of material which 
has been taken up, but not a measure of any ana- 
tomical fluid compartment. The use of the equa- 
tion here employed affords by itself no information 
as to whether an increase in the volume of distri- 
bution is a consequence of penetration of the refer- 
ence substance into cell water or to metabolic 
transformation as well. 

The fate of radiosulfate injected intravenously 
The 
data are divided into three sections: (1) the ex- 
cretion of radiosulfate, (2) its disappearance from 
the blood, and (3) the result of combining these 
two values, the volume of distribution, as a func- 
tion of time. Since the results in human subjects 
and dogs differ quantitatively but not qualitatively, 
they are presented concurrently. 


has been studied, employing this equation. 


MATERIALS AND METHODS 


Carrier-free S", in the form of H,SO,, was obtained 
from the Oak Ridge National Laboratories on allocation 
by the Atomic Energy Commission. 
this material for injection, an appropriate volume was 


In order to prepare 


diluted with normal saline to give a concentration of 20 
microcuries per ml. After autoclaving, 5 ml. in a cali- 
brated syringe were injected intravenously during the 
course of one minute. In the animal experiments, more 
concentrated solutions of S® were frequently used. 

Two analytical methods were employed. The first in 
volved the precipitation of sulfate as the benzidine salt 
from protein-free filtrates, and collection of the precipi- 
tate on filter paper by a suction apparatus (a modification 
of the procedure of Henriques and his coworkers [27]). 
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The second consisted of the direct determination of the 
radioactivity of serum and urine samples placed in stain- 
less steel cups covered with aluminum foil (28). The 
former method measures only inorganic sulfate S"; the 
latter measures total radioactivity. A flow counter was 
used for all analyses. 

Inulin space was determined by the constant infusion 
technique (4), analyses being performed by the method 
of Roe, Epstein, and Goldstein (29). 

The human subjects were normal physicians, medical 
students or nurses, and patients with psychiatric dis- 
turbances, rheumatoid arthritis or orthopedic disorders. 
None gave any evidence of renal disease or fluid reten- 
tion. The dogs were trained mongrels, maintained on a 
meat diet with water, ad lthitum. 

Samples of urine were obtained without the use of 
catheters in all human subjects. High urine flows were 
found undesirable in the routine estimation of extracel- 
lular fluid (v.i.) but during the clearance determinations 
sufficiently rapid flows were maintained to minimize er- 
rors due to urinary dead space. 


RESULTS 
I. The urinary excretion of radiosulfate 


A. The exchange of inorganic sulfate with or- 
ganic sulfate. The radioactivity of urine was par- 
titioned, in two experiments in normal men, be- 
tween inorganic sulfate and organic sulfate. In the 
first, the activity of benzidine sulfate precipitates 
prepared before and after acid hydrolysis (30) of 
three urine samples during the first four hours 
after injection of radiosulfate was compared. Acid 
hydrolysis increased the activity less than 8 per 
cent. In the second experiment, the total radio- 
activity of three urine samples obtained during the 
first four hours, as determined by the liquid 
sample method, was compared with the radioac- 
When 


corrected for the differences in sensitivity of the 


tivity of benzidine sulfate precipitates. 


two methods, the results agreed within 5 per cent. 
It is concluded that the amount of a‘ministered 
radiosulfate excreted in 
the first four hours after injection is negligible for 
the purpose of measuring its volume of distribu- 
tion. Incorporation of radiosulfate into ethereal 
sulfate within 24 hours has been observed (31). 

B. The proportion of the administered dose ex- 
creted during the period of equilibration. Evi- 
dence is presented below that equilibration of 


an organic form within 


radiosulfate throughout the extracellular fluid 
requires 15 to 20 minutes in man and 20 to 30 min- 


utes in dogs. Since the volume of distribution at 


« 
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these times is calculated as the amount remaining 
in the body divided by the concentration in inter- 
stitial fluid, an accurate estimate of the amount ex- 
creted is necessary. Collection of a complete urine 
sample over such a short period is extremely diffi- 
cult without a catheter, and the delay time from 
renal tubules to bladder makes quantitative re- 
covery difficult even with catheterization. The 
proportion of the dose excreted may also be ex- 
pected to vary in a single subject on successive 
occasions, due to variation in the amount of the 
injected material which circulates through the kid- 
ney during mixing. 

15 normal human  sub- 
jects the proportion of the administered dose 
voided 18 minutes after injection was measured. 


In determinations on 


When urine flows were slow, a long period with- 
out voiding preceded the injection so that collec- 
tion might be as complete as possible. The pro- 
portion of the administered dose recovered varied 
from 1.3 per cent to 8.8 per cent, averaging 4.5 
per cent. The variation in a single individual was 
as great as for the entire group. No correlation 
with urine flow was noted. 

In six normal dogs, urine samples were obtained 
by catheter 25 to 30 minutes after injection, and 
the bladder was washed several times with dis- 
tilled water. These animals were not loaded with 
water prior to the experiment. The proportion of 
the administered dose which was recovered varied 
from 1.0 per cent to 6.0 per cent, averaging 3.6 per 
cent. In another group of six normal dogs, water 
loading by stomach tube was begun one hour be- 
fore the injection of radiosulfate. The proportion 
of the dose collected by catheter within 25 to 30 
minutes varied from 3.7 per cent to 8.2 per cent, 
averaging 5.6 per cent. 

An attempt was made to determine whether 
more consistent values for the volume of distribu- 
tion of radiosulfate could be obtained by determin- 
ing the amount excreted in the urine or by assum- 
ing that a constant fraction, for example 5 per cent, 
was always lost during equilibration. In dupli- 
cate determinations of the radiosulfate volume of 
distribution measured at intervals of several days 
in six normal human subjects, the average differ- 
ence between paired sulfate spaces was 0.16 liter 
the 
the urine was taken into account and 0.30 liter 


when measured radiosulfate excretion into 


when it was assumed that a constant fraction was 
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excreted. In eight normal dogs, the variability of 
extracellular fluid volume per unit of body weight 
or surface area was slightly greater when a con- 
stant fraction of the dose was assumed to have 
been excreted than when the amount recovered 
from catheterized urine specimens was used in 
the calculation. 

In conclusion it appears that 4 to 8 per cent of 
an administered dose of radiosulfate is excreted 
during equilibration, although as little as 1 per cent 
may be collected from the bladder when the rate 
of urine flow is low (presumably because of uri- 
nary dead-space errors). Omission of urine col- 
lection and the assumption of an average fraction 
lost therefore entails a small error in normal hu- 
man subjects and dogs. Where sulfate clearance 
is abnormal, collection of urine is obviously man- 
datory. 

C. The clearance of radtosulfate in normal sub- 
jects. Using one to five 20 to 60 minute clearance 
periods, the clearance of radiosulfate following a 
single injection was calculated in six normal hu- 
man subjects (Table 1). 


TABLE I 


The clearance of radiosulfate in normal subjects 


Subject Clearance Clearance 
J.N 34 37 
A. H 31 36 
M. W 37 34 
i. 49 33 
S. B.N 24 33 
S.S 38 39 


Average 35 


The clearance did not tend to change progres- 
sively during the interval from 18 minutes after 
injection to three hours after injection. For ex- 
ample, the clearance in subject M. W. on succes- 
sive 40 minute periods was 38.1, 35.3, 37.2, and 
37.2 cc. per minute; in subject S. S. three succes- 
sive 60 minute periods gave clearances of 38.8, 
36.9, and 39.1 ce. per minute. Evidently exoge- 
nous sulfate is cleared at the same rate by the kid- 
ney after 18 minutes, for a period of at least three 
hours. If some radiosulfate became bound to pro- 
tein, as Bjering and WlIlgaard (32) assert that a 
portion of the plasma sulfate is, the clearance would 
change. 


as 
: 
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The mean value of 35 cc. per minute per 1.73 sq. 
meters is in accord with previous values (not re- 
lated to surface area) of 37.3 cc. per minute (32), 
35.5cc. per minute (33), and 35 cc. per minute (34) 
for endogenous sulfate clearance in normal hu- 
man subjects. Determinations of simultaneous 
endogenous sulfate clearances were not available 
in our subjects. The close agreement suggests 
that exogenous radiosulfate is cleared in the same 
manner as endogenous sulfate, and further sup- 
ports the accepted view (35) that all of the plasma 
inorganic sulfate is filtrable through the glomerulus. 

D. Cumulative urinary excretion. The total 
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amount of radioactivity excreted in the urine at 
intervals after injection was measured in five 
normal human subjects and five normal dogs. 
Figures 1 and 2 show the results, which have been 
plotted as the fraction of the dose remaining in 
the body on a logarithmic scale against time. The 
curves for all the dogs and all of the human subjects 
except J.G. are linear. The failure of the extrapo- 
lated lines to intersect the origin is a consequence of 
the greater urinary loss during the period of equili- 
bration. The half-time of urinary excretion varies 
from 228 minutes to 522 minutes for the human 
subjects (average 354 minutes or 5.9 hours) and 


8 


wo 


@ 


3 


c 
c 
E 
v 
+ 
c 
c 
a 


Subject Symbol 
E.W. s 
J. T. ° 
J.G. 
a 
M.W. 


1 


400 


Minutes after end of injection 


Fic. 1. 


CUMULATIVE URINARY EXCRETION OF RADIOSULFATE IN NORMAL HUMAN Sus- 


jects, PLorrep As Per CENT REMAINING ON A LOGARITHMIC SCALE AGAINST TIME 


The curves are linear in all subjects except J. G. 


excretion of half of the dose is 5.9 hours. 


The average time required for 
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Fic. 2. CUMULATIVE URINARY EXCRETION OF RADIOSULFATE IN NORMAL Docs 


Dog 9 has been excluded because of loss of part of the first urine sample. 
For interpretation of the extrapolated lines, see 


average half-time is 7.5 hours. 
text. 
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A Composite CurvE OF DISAPPEARANCE FROM THE SERUM OF Rapio- 


SULFATE IN FivE NorMAL Docs 


All values obtained before 30 minutes are from arterial samples. 


For each 


animal (represented by a single symbol), the curves have been adjusted by 


appropriate factors to make the doses comparable. 


(Actual counts re- 


corded were 10 times the values given in the figure.) 


324 minutes to 510 minutes for the dogs (average 
450 minutes or 7.5 hours). 


II. Disappearance of radiosulfate from the blood 


Ina previous report (26) the disappearance of se- 
rum radioactivity for normal human subjects during 
the first hour after injection of radioactive sulfur 
was presented. A “break” was evident at 15 to 20 


minutes. The differences between the observed 
arterial concentrations during the first 15 minutes 
and the later slow rate of disappearance extra- 
polated back to the origin were found to decrease 
at a single exponential rate with a half-time of 2.5 
minutes (decay constant 0.28) in four normal sub- 
jects. 

The falling curves of arterial serum radioac- 
tivity in five normal dogs are shown in Figure 3 
(an arteriovenous difference could not be detected 
after 20 minutes; consequently venous samples 
were used in determining most of the later points). 
The “break” appears to occur at 25 to 30 minutes. 
The differences between the extrapolated later 
slow rate of disappearance and the observed ar- 
terial concentration during the first 20 minutes 
were calculated in four dogs. When results are 


plotted semilogarithmically straight lines are ob- 
tained in all four animals, with a half-time of four 
minutes in three and 2.2 minutes in the fourth 
animal (Figure 4). In all four animals, therefore, 
the “excess” plasma activity has fallen to 1 per 
cent or less of its initial value within 25 minutes. 
The other dog included in Figure 3 is omitted be- 
cause an insufficient number of early arterial sam- 
ples were obtained for this type of analysis. 

In the three normal human subjects who re- 
mained recumbent and fasting for several hours 
the subsequent disappearance of radiosulfate from 
the venous serum was observed. The subjects in- 
gested half a glass of water every half hour. The 
first sample was obtained 18 minutes after the end 
of injection. When serum radioactivity is plotted 
on a logarithmic scale against time straight lines 
are obtained for all three subjects (Figure 5). 

In six normal dogs, similar data were obtained 
(Figure 6). The dogs were kept on an animal 
board, fasting, throughout the procedure, with the 
exception of dogs 9 and 10, which were removed 
from the board and allowed to walk about the 
laboratory after the times noted by arrows on the 
figure. Straight lines are obtained for all the ani- 
mals with the exception of dog 10. The sharp 
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Excess plasma radioactivity, counts per min. 


1 i l 
(6) 5 10 15 20 25 
Minutes after end of injection 


Fic. 4. 


The difference between the observed arterial serum 
radioactivity and the later slow rate of disappearance (ex- 
trapolated to zero time) is plotted on a logarithmic scale 
against time. Straight lines were drawn visually for each 
animal (two are superimposed). The half-times are 2.2 
minutes in one animal and four minutes in the other three. 
(Actual counts recorded were 10 times the values given 
in the figure. ) 


EQUILIBRATION OF RADIOSULFATE IN Four Docs 


change in slope observed in this animal, coincid- 
ing with the point at which it assumed an upright 
position, may have been due to a change in glomeru- 
lar filtration rate, although no such change in 
slope occurred in dog 9. 

It is concluded that the disappearance of radio- 
sulfate from the blood after intravenous injection 
in one minute can be described by two additive 
single exponential rates, an initial rapid one which 
is essentially completed in 18 to 20 minutes in 
man and 25 to 30 minutes in dogs, and a slow rate 
which remains unchanged thereafter, for at least 
several hours. 
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Serum radioactivity, counts per minute 
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Minutes after end of injection 


Fic. 5. Tue DISAPPEARANCE OF RADIOSULFATE FROM 
THE BLoop, 1n Normat Human Susjects, DuRING THE 
First Turee To Five Hours 


Radioactivity is plotted on a logarithmic scale against 
time. The curves are linear from 18 minutes on in each 
subject. (Actual counts recorded were 64 times values 
given in the figure.) 


III. The volume of distribution of radiosulfate 
as a function of time 


The volume of distribution of radiosulfate was 
estimated at intervals from the formula: 


Amount injected — amount excreted 


Concentration in interstitial water’ 


In order to determine the concentration in in- 
terstitial water, it is necessary to correct the ob- 
served serum radioactivity for serum water con- 
tent and the Donnan factor. In some of the normal 
human subjects serum water content was deter- 
mined as the difference between wet and dry 
weight of serum. In most of the human subjects, 
however, and in all of the dogs, a normal serum 
water content of 93 per cent was assumed. The 
Donnan factor for sulfate was assumed to be the 
square of that for chloride (0.95), or 0.90. Pre- 
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Fic. 6. Tue DISAPPEARANCE OF RADIOSULFATE FROM THE 
1n NorMAt Docs 


Radioactivity is plotted on a logarithmic scale against 
time. Dogs 9 and 10 were removed from the animal 
board at the times indicated by arrows. Linear plots are 
obtained for all the animals. (Actual counts recorded 
were 64 times values given in the figure.) 


vious studies have shown that all of plasma sulfate 
is ultrafiltrable (36-38). 

The volume of distribution at intervals follow- 
ing injection was determined in four normal hu- 
man subjects and six normal dogs. For both spe- 
cies the increase in volume of distribution with 
time appears to be linear (Figures 7 and 8). The 
rate of increase was calculated for each subject. 
In the human subjects it varied from 1.75 per cent 
to 3.13 per cent cf body weight per hour, averaging 
2.18 per cent. In the dogs it varied from 1.35 per 
cent to 3.93 per cent of body weight per hour, 
averaging 2.66 per cent. 

The exponential rate of disappearance of radio- 
sulfate from the blood exceeds the exponential rate 
of urinary loss, indicating that the former rate 
represents the summation of loss by excretion and 
another single exponential rate of disappearance 
elsewhere. Calculation of the rates reveals that the 
fraction of the amount remaining which disap- 
pears from the blood per unit time is, in fact, 
about twice as great as the fraction which appears 


in the urine. Under these circumstances the vol- 
ume of distribution should increase exponentially 
rather than linearly.’ The data do not permit a 
definite conclusion as to whether the increase is, 
in fact, exponential or linear. However, if these 
same linear rates of increase obtained during the 
period of equilibration, values for the volume of 
distribution at 18 minutes in man would be 0.65 
per cent of body weight greater than if equilibration 
had occurred instantaneously and values for the 
volume of distribution at 30 minutes in dogs would 
be 1.33 per cent greater. But since the interstitial 
fluid, from which the radiosulfate must enter body 
cells, contains substantially /ess radiosulfate during 
this period than it does thereafter, the fraction 
which penetrates during this interval will be some- 
what less than in a subsequent interval of equal 
duration. The error due to cellular penetration 
during equilibration is thus about 0.5 per cent of 
body weight in man and about | per cent of body 
weight in dogs. 


IV. The magnitude of the radiosulfate space in 
normal humans and dogs 


The volumes of distribution of radiosulfate 18 
minutes after injection in 18 normal men and 
women are presented in Table II. All determina- 
tions were made in fasting subjects, who had been 
ingesting salt ad libitum. Neither coffee nor alco- 
hol was taken on the evening before, and water was 
not forced. In earlier observations when several 
glasses of water were ingested shortly before the 


+ Let Vp, = volume of distribution at time t, 

IV = amount injected, 

UV, = total amount excreted at time t, 

C, ="plasma concentration at time t, 

Co = extrapolated plasma concentration at to, 

kp = exponential rate of disappearance from the 

plasma, 

ky = exponential rate of urinary loss. 
The data indicate that, after 18 to 30 minutes: 

IV — UV, = and Cy = Coe 
Since, by"definition, 

: IV — UV, 
Vy, 
Therefore, 
Vm = = IV e kult, 
Cre “kept Co 
4 Part of these observations were obtained through the 
courtesy of Dr. Alvin Shapiro. 
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Tue APPARENT VOLUME OF DISTRIBUTION OF RADIOSULFAYE AT INTERVALS 


AFTER INJECTION IN Four NorMAL HUMAN SuBJECTS 


The results for subject M. W. are included in a previous repor’ (26). 
The rate of increase appears to be constant in each subject, and averages 2.1 per 


cent of body weight per hour. 


injection of radiosulfate, the volume of distribution 
appeared to increase (as compared to previous de- 
terminations in the same subject) more than if the 
water were distributed throughout total body wa- 
ter, probably due to the relatively slow rate at 
which administered water equilibrates with cell 
water (2). A constant fraction of the administered 
dose, 4 per cent, was assumed to have been ex- 
creted during the first 18 minutes and collection of 
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urine was omitted. The average value in these 
subjects expressed as per cent of body weight is 
14.6 per cent, with a range of 11.5 per cent to 20.9 
per cent. Relating the values to surface area 
rather than body weight evidently did not decrease 
the variability ; the mean is 5.5 liters per sq. meter. 
Combining the previous series of 10 subjects (26) 
and these 18 subjects, an average value of 15.1 per 
cent of body weight is obtained. 
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In dog 9 a value for the fraction of the dose excreted during the first 30 minutes 


has been assumed. 


The rate of increase is nearly constant in each animal. 


It aver- 


ages 2.66 per cent of body weight per hour. 
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TABLE II 
The volume of distribution at 18 minutes of radiosulfate in normal human subjects 


Height Weight Volume Volume Volume 
L./sq. M. 


— 


— 


— 


Mean 
Standard deviation 


The volumes of distribution of radiosulfate 25 TABLE IV 
to 30 minutes after injection in 16 normal dogs Comparison of simultaneous inulin and radiosulfate 


are listed in Table III. Urine was collected by 


catheter, and the bladder was washed with water. Ratio, 
The mean of 20.1 per cent of body weight corre- 
sponds closely to estimates made by other methods _Sviect 
(39). The higher value obtained in these animals 
and the greater constancy than in man are pre- 
sumably due to the small proportion of their body 


weight which is fat. 


1.07 
0.97 
1.00 
0.80 
4.15 
0.91 
0.84 
0.88 
0.93 


OPN 


TABLE III 


The volume of distribution at 25 to 30 minutes of 
radiosulfate in normal dogs 


Mean 0.95 
Standard deviation 0.11 


Volume 


V. Comparison of simultaneous radiosulfate and 
inulin spaces 


Inulin space was determined by urine collection 
for 17 to 19 hours following a priming dose and 
a constant infusion for five to six hours (4) in 
nine human subjects. The concentrations of inu- 
lin in the serum were corrected for a serum water 
content of 93 per cent. Radiosulfate space was 
determined during the infusion. The results are 
shown in Table IV. The ratio of radiosulfate 


space to inulin space varies from 0.80 to 1.15, 
averaging 0.95. 


Standard deviation 
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Surface 
Age Sex 
. 
| 
14.6 
6 
Wt. Volume 
5.92 1,385 23.4 
6.41 1,124 17.5 
8.52 1,663 19.5 | 
8.70 1,870 21.5 
9.18 2,040 22.2 
9.30 1,920 20.6 
9.40 2,000 21.3 
10.36 1,782 17.2 
» < 11.02 2,072 18.8 
11.34 2,257 19.9 
11.79 2,464 20.9 ¢ 
13.61 2,164 15.9 
14.24 3,070 21.6 
- 16.15 2,875 17.8 
18.90 4,270 22.6 
19.14 4,239 22.1 
Mean 20.1 


308 


DISCUSSION 

In evaluating any procedure for measuring a 
fluid space in the body it is necessary to define the 
anatomical extent of the space in question. The 
term “extracellular fluid” may be construed in a 
strict sense to include all body water which is not 
However, ana- 
tomical and functional subdivisions of this water 


actually within cell membranes. 


One distinct subdivision is 
the water in the gastrointestinal tract, glandular 
lumina, urine remaining in the upper and lower 
urinary tract, and other portions of body water 
The 
term “transcellular water” has been proposed re- 
cently to distinguish these areas (40). Another 


can be distinguished. 


which are, in a sense, outside of the body. 


subdivision, which is as yet poorly defined, is that 


portion of the extracellular fluid which does not ap- 
pear to be in diffusion equilibrium with the rest, 
and, at least in experiments of short duration, acts 
as though it were intracellular. Connective tissue 
water is the chief example of this “non-functional 
extracellular fluid.” The difficulty in defining the 
extent of this fluid space lies in determining at what 
point it ends and true intracellular water begins. 

It is evident that the inclusion of “transcellular 
water” and “non-functional extracellular fluid” is 
undesirable in a measure which has as its purpose 
the estimation of that portion of chloride-contain- 
ing body fluid which is responsive to acute changes 
On the other 
hand, for the purpose of estimating changes in in- 
tracellular composition from external balances of 
electrolytes by the difference between total body 
content and extracellular fluid content, it may be 
desirable to include “non-functional extracellular 
fluid,” since its composition may eventually re- 


in the composition of the plasma. 


spond to changes in the more readily diffusible por- 
tion, and perhaps “transcellular water” as well, 
since the latter is included in total body water 
measurements (40). 

It appears that radiosulfate space does not in- 
clude either of these subdivisions of extracellular 
fluid. The low concentrations found in gastric 
juice and stool relative to the blood (41) suggest 
that only small amounts of “transcellular water” 
are included. The similarity of radiosulfate space 
to the dilution volumes of inulin, sucrose, and fer- 
rocyanide, molecules of widely varying size, is 
evidence that these substances all measure the 
same physiologically distinct compartment of body 
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water, which may be termed the “functional ex- 
tracellular fluid.” 

All of these substances, therefore, may be used 
to estimate the volume of body fluid throughout 
which an acute change in plasma composition is 
reflected, but in long balance studies the calculated 
change in the electrolyte composition of the re- 
mainder of body water may involve not only body 
cells but also the non-functional extracellular fluid. 

From comparisons of total body chloride con- 
tent (determined by carcass analysis [42], dilu- 
tion of labelled chloride [24], or bromide space 
43-45] ) with the volume of distribution of 
inulin, it has been concluded (24, 45, 46) that from 
one-fourth to one-half of the total body chloride 
is outside of the functional extracellular fluid, 1.e., 
is not in diffusion equilibrium with the rest. Ob- 
viously, chloride balance need not parallel extra- 
cellular fluid volume changes in long-term stud- 
ies, although in acute studies it may do so 
accurately. 

The site and nature of this relatively indiffusible 
chloride has been sought by determinations of the 
fraction of tissue chloride space which fails to re- 
spond to induced changes in the composition of 
the extracellular fluid (47-50), and by comparisons 
of the tissue chloride space with the tissue space 
of other referent substances (51-55). These stud- 
ies have shown that varying portions of the chlo- 
ride space, notably in connective tissue, are im- 
penetrable to sulfate (47, 55), thiosulfate (51), 
and inulin (51-54). Radiosulfate also fails to 
penetrate about 25 per cent of the chloride space 
of muscle (41). The moiety of muscle chloride 
space which is unpenetrated may be almost entirely 
due to its connective tissue content (51). 

It is evident, therefore, that these substances 
measure only a portion of the extracellular fluids of 
the body, but, for many purposes, the most im- 
portant portion. 

The data presented do not show definitely 
whether the progressive extrarenal loss of radio- 
sulfate after equilibration represents cellular pene- 
tration (with or without metabolism of sulfate 
as well), or gradual diffusion into the non-func- 
tional extracellular fluid. However, the exponen- 
tial decline in the plasma concentration towards 
zero, even when the rate of urinary loss is sub- 
tracted, indicates that after 15 to 30 minutes radio- 
sulfate is slowly lost into areas from which it does 


| 


not return in measurable amounts. If the phase 
into which it is penetrating were a more remote 
portion of the extracellular fluid which is neverthe- 
less in diffusion equilibrium with the rest, it would 
be expected that detectable amounts of radiosulfate 
would diffuse back. Since this is not the case, it 
is tentatively concluded that the progressive in- 
cricse in the apparent volume of distribution re- 
flects progressive cellular penetration and/or me- 
tabolism, and that if radiosulfate gains access to 
the non-functional extracellular fluid at all, it does 
so very slowly. 

The variability of radiosulfate space per unit 
weight in the human subjects is not surprising, in 
view of the wide variation in body fat content (56- 
61). Total body water has been shown to be a 
very constant proportion of “fat-free” weight in 
man (59). Similar observations have been made 
for muscle (61). Since body water may vary 
from 30 per cent to 68 per cent of body weight 
(46), it is not surprising that extracellular fluid 
volume should vary to the same degree. The sur- 
face area correction, as obtained from standard 
tables, does not remove this variability since it is 
unaffected by the proportion of fat and lean tissue 
in an individual of any given height or weight. 


SUMMARY AND CONCLUSION 


Radiosulfate is shown to be a satisfactory and 
convenient measure of the functional extracellu- 
lar fluid volume in normal man and dogs, on the 
basis of the following observations : 


1. Diffusion equilibrium after a single injec- 
tion is achieved in 15 to 20 minutes in man and 
20 to 30 minutes in dogs. 

2. Only 4 to 8 per cent of the dose is excreted 
during equilibration, so that urine collection may 
be omitted without serious error. 

3. Cellular penetration during equilibration is 
slight in both species, but greater in dogs than in 
man. 

4. Half of the dose is excreted within four to 
nine hours, so that frequent determinations can 
be made. 

5. Repeated determinations in a single indi- 
vidual differ by an average of 0.16 to 0.30 liter. 

6. The ratio of radiosulfate space to simultane- 
ously determined inulin space in nine human sub- 
jects was 0.95 + 0.11. 
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7. The radiosulfate space in 28 normal men and 
women was 11 per cent to 21 per cent of body 
weight, averaging 15.1 per cent in this series. In 
16 normal dogs it was 20.1 + 2.1 per cent of body 
weight. 


Evidence in support of the accepted view that all 
of the plasma sulfate is filtrable through the glo- 
merulus is also presented. 
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Several lines of investigation have indicated the 
existence of abnormalities in salt and water metab- 
olism in hypertensive cardiovascular disease. It 
has been shown, for example, that the electrolyte 
and water contents of the tissues in the hyperten- 
sive animal deviate from that in the normal (1) 
and that there is an increased rate of excretion of 
antidiuretic substance in the urine in experimental 
and human hypertension (2). The effect of a 
sodium restricted diet on the blood pressure level 
(3) and the difference in the rate of urinary ex- 
cretion of salt and water in the hypertensive sub- 
ject as compared to the normal (4) also point to 
some fundamental deviation from normal in the 
salt and water metabolism of the hypertensive sub- 
ject. Because of the importance of this problem 
to a better understanding of the basic mechanisms 
underlying hypertensive cardiovascular disease, 
the present study was undertaken to compare the 
extracellular fluid volume in experimental and hu- 
man hypertension with that of the normal. 


MATERIALS AND METHODS 


The extracellular fluid volume was determined in a 
series of dogs rendered hypertensive by the application of 
a figure-of-eight ligature to the right kidney and ablation 
of the left organ (5). At least six months had inter- 
vened between the operation and the time of the experi- 
ments to permit the establishment of a stabilized blood 
pressure. Determinations were made simultaneously on 
a group of normotensive animals. Because of the un- 
certainty and difficulties attendant upon the determination 
of the extracellular volume, both mannitol and radioactive 
sulfate were utilized for this purpose. Although the use 
of inulin is considered to be the method of choice in man, 
erratic results are obtained when this substance is ap- 
plied to the dog because of the large and variable blanks 
obtained in analysis of the blood under apparently con- 
stant conditions. The use of a constant infusion of man- 
nitol (6) gave consistent and reproducible results. The 
radiosulfate method only was used in the experiments on 
the human. 


1 Aided by a grant from the Vaughn Fund. 
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In the mannitol procedure as carried out on the unan- 
esthetized dog, a priming dose of 0.2 gram of mannitol 
per kilogram of body weight was injected intravenously 
followed after 20 minutes by a constant infusion at a 
rate of 0.2 gram of mannitol per kilogram of body 
weight per hour for 40 minutes. Samples of blood were 
drawn at the beginning of the infusion, and at 20 minute 
intervals thereafter until one hur after its cessation. The 
mannitol was analyzed by the procedure of Corcoran and 
Page (7) with minor modifications. The animals were 
fasted for 12 to 14 hours prior to the determination but 
were allowed access to water at all times. They were 
trained to lie quietly on the animal board during the course 
of the procedure with only slight restraint. 

For the determination of extracellular volume by radio- 
sulfate,? carrier-free S* in the form of H,SO, was used in 
doses of 100 microcuries as described elsewhere (8). 
The radioactivity of the blood serum or urine was de- 
termined directly with a flow counter. In the dog, the 
bladder was rinsed with distilled water by means of a 
catheter inserted at the beginning of the experiment and 
the excreted radiosulfate determined; in the experiments 
on the human, a constant correction of 4 per cent was used 
for the urinary loss during the 18 minutes required 
for equilibration. Corrections for serum water and the 
Donnan factor were made as previously described (8). 

The studies on the human subject included 12 normo- 
tensive individuals and 14 hypertensive patients attend- 
ing the Hypertensive Clinic of Parkland Hospital. The 
hypertensive group exhibited minimal or no evidence of 
renal or cardiac impairment and no apparent evidence of 
fluid retention. The normotensive subjects included am- 
bulatory psychiatric patients and individuals from the 
laboratory personnel. The determinations were made in 
pairs, a hypertensive and a normotensive individual of 
the same sex and of the same approximate height and 
weight acting as subjects on the same day. 


RESULTS 


The pertinent data are summarized in Table I, 
which includes the data on the normotensive dog, 
Table II, on the hypertensive dog, and Table 
III, on the normotensive and hypertensive human 


2 Supplied by the National Laboratory, Oak Ridge, Ten- 
nessee, on allocation from the U. S. Atomic Energy Com- 
mission. 


ff. 


EXTRACELLULAR FLUID VOLUME IN HYPERTENSION 


TABLE I 


The extracellular volume of the normotensive dog as determined by mannitol and radiosulfate 


Extracellular volume as determined by 


Body 


weight Radiosulfate Mannitol 


per cent liters per M2 per cent liters per M2 

Kg. body wt. body surface body wt. body surface 
14.0 2.1 
1S 23.6 
10.4 24.9 
10.9 21.1 
10.8 23.8 
12.8 
10.3 18.9 
14.3 22.7 
114.3 21.9 
9.9 
11.0 
11.8 
5.9 
6.7 
13.6 
10.4 
16.2 
16.2 


~ 
a 


OAS 


Standard deviation 
Standard error 


TABLE Il 


The extracellular volume of the hypertensive dog as determined by mannitol and radiosulfate 


Extracellular fluid volume as determined by 
weight Radiosulfate Mannitol 


per cent liters per M4 per cent liters per M4 
body wt. body surface body wt. body surface 


29.1 5.9 

33.0 6.5 
PAW 
19.8 
24.2 
24.1 


20.7 
20.8 
24.9 
19.5 


NUMANNNONN 
min 


23.4 
22.0 


21.5 
19.2 
22.7 
19.2 
20.0 
23:3 


wu 
CoN 


AS 


= 00 
00 


12 


Mean 22.0 
Standard deviation +0.9 
Standard error +0.3 
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Dog 
No. 
1 
2 
3 
4 
5 
6 
7 
9 
10 
12 
13 
14 
Mean 18.5 | 22.1 4.6 
Po +1.8 +0.3 +1.5 +0.4 
+0.8 +0.1 +0.7 +0.2 
No. 
Ke. 
1 11.3 
10.9 
2 
3 
4 30.6 6.3 
5 
6 
24.6 32 
rf 30.9 6.5 
8 29.2 64 
29.4 6.5 
9 31.6 6.1 ; 
31.5 6.2 
10 25.6 5.0 
31.3 6.0 
4.6 29.2 6.0 
+0.5 +2.2 : 
+0.2 +1.0 +0.2 
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TABLE Ill 


Radtosulfate space in normotensive and hypertensive human subjects 
Normotensive group 


Blood 


Patient pressure 


Extracellular fluid volume 


mm. Hg 
120/80 
128/78 
124/80 
110/70 
130/92 
130/94 
130/64 
124/84 
118/80 
120/80 
120/80 
110/64 


122/79 


A 


= 


32/M 
Mean 38.6 
Standard deviation 
Standard error 


CP ON 


~_ 


cc.[Kg. 


liters/M.* 
8.3 


~ 
Se 
SOY 


HH 


Hypertensive group 


220/130 
180/130 
180/120 
180/120 
192/156 
168/116 
220/130 
200/130 
230/120 
200/140 
220/160 
190/140 
165/118 
210/150 


197/133 
Standard deviation 
Standard error 


SSD A NAAN 


H+ 


* Omitted from calculation of mean and standard deviation. 


subjects. In calculating the means and statistical 
data of Tables I and II, the average values have 
been used where more than one determination was 
made on the same animal. The separate data are 
included in the table in order to indicate the con- 
sistency of results obtained at intervals of at least 
a month which intervened between the individual 
determinations. In Table III, the data on patient 
E. V. have been omitted from the calculated mean, 
since the observed extracellular fluid volume in 
this patient deviates from the mean by more than 
six times the standard deviation of the remainder 
of the group. Some technical error presumably 
vitiated the result obtained on this patient ; its omis- 
sion from the series is statistically valid. However, 
even if this result be included, the observed dif- 


ferences still remain statistically significant (p< 
0.02). 

There was no correlation evident between the 
extracellular fluid volume and the level of the 
blood pressure. However, this is not surprising 
since the variation in the hypertensive group of 
dogs was only between 150 and 180 (mean pres- 
sure) and the observed levels in the human need 
not reflect accurately the severity of the disease. 

The blood volume which was determined in the 
dogs simultaneously with the extracellular fluid 
volume was found to average 1.64 liters per square 
meter of body surface in the normotensive group 
and 1.69 liters in the hypertensives. This differ- 
ence is of questionable significance, but it is pos- 
sible that the vascular space is also increased in 
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Body 
weight Height 
Kg. cm. liters 
J. 62/M 156 
A 47/F 161 
I. 28/F 168 
44/M 172 
L 44/F 166 ‘ . 
S. 28/F 166 
GEL. 46/F 161 
J. 33/F 171 
A. 31/M 177 
184 
187 
| 169 
M.S. 54/F 83.0 158 11.6 
D.R. 49/M 80.3 176 10.7 
M. T. 39/F 77.8 166 10.0 
21/F 83.5 168 14.2 
aS 42/M 81.7 184 10.6 
oa. 34/F 56.0 153 10.0 
E. B. 44/F 81.0 161 12.0 
R.S. 40/F 42.2 158 8.6 
O.H. 56/F 68.1 164 10.5 
0. C. 53/M 78.0 167 14.3 18.3 
G. W. 39/M 72.7 173 10.8 14.9 
L. M. 33/M 62.8 178 10.5 16.7 
C. M. 52/F 65.3 152 12.1 18.5 
R. M. 41/M 45.8 163 9.3 20.3 
. 69.9 166 16.2 
+2.5 
+0.7 
| 
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the hypertensive proportionately to the observed 
increase in the extracellular fluid volume. 

It is evident from the results of Tables I and II 
that the extracellular fluid volume of the hyper- 
tensive dog as measured either by mannitol or by 
radiosulfate is greater than in the normal. Essen- 
tially the same difference is observed in Table IIT 
in the human subject with radiosulfate. The ob- 
served differences are all statistically significant 
as shown by the statistical data appended to the 
tables. 

The observed discrepancy between the extracel- 
lular fluid volume as determined by the use of man- 
nitol and by radiosulfate in the dog may be at- 
tributed to expansion of the extracellular volume 
by the osmotic effect of mannitol. It is also evi- 
dent in Table III that the radiosuliate space as 
determined in man is less than that obtained by the 
use of other agents (mannitol, inulin, thiocyanate, 
sucrose). Because of this discrepancy, which has 
been discussed elsewhere (8), all determinations 
were made on paired normotensive and hyperten- 
sive subjects of similar body build. 

The observed differences, expressed as liters 
per square meter of body surface, of the radiosul- 
fate spaces of the hypertensive and normotensive 
dogs are 0.9 liter and of the mannitol spaces, 1.4 
liters. The standard errors of these differences 
are + 0.2 and +0.3, respectively. The probability, 
calculated from the “t” test, that these observed 
differences occurred by chance is less than one in 
1000; “t” 4.50 and 4.78, respectively ; p < 0.001. 
The observed difference of 1.3 liters per square 
meter of body surface for the human subjects is 
also highly significant, “t” 4.33, p < 0.001. 


DISCUSSION 


The significance of our observed increase in ex- 
tracellular volume in hypertension must at present 
remain a matter of conjecture. Serum sodium has 
been claimed to be slightly higher in essential hy- 
pertension as compared to the normal (9). One 
might conclude, accordingly, that the observed in- 
creased extracellular volume in hypertension re- 
flects an abnormal retention of salt and an at- 
tempt to maintain osmotic homeostasis. It is 
tempting to proceed further and assume that this 
retention of salt with expansion of the extracel- 
lular fluid volume reflects an abnormal steroidal 
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activity since desoxycorticosterone also causes a 
similar change with an elevation in blood pressure 
when administered with excessive sodium chloride 
(4). However, the available evidence (10) op- 
poses this simple theory, The observed increase 
in antidiuretic hormone activity (2) is more logi- 
cally to be considered as a compensatory phe- 
nomenon which maintains a normal tonicity at 
the expense of an expansion in the extracellular 
fluid volume (11). 

Braun-Menéndez and Covian (12) have also 
noted an increase in extracellular fluid volume in 
nephrectomized rats following bilateral nephrec- 
tomy, accompanied by an elevation in blood pres- 
sure. However, the fact that their animals were 
permitted to ingest salts and water renders their 
observed increase in extracellular fluid volume in- 
evitable (13). The rapidity with which the rise 
in blood pressure occurred renders it questionable 
also if this represents true hypertensive disease. 
The fact that the animals increased enormously in 
weight (15 grams) and were obviously edematous 
is evidence of their highly abnormal state to which 
any rise in blood pressure may be attributed. To 
designate this rise in pressure as hypertensive dis- 
ease is unjustifiable; it is more likely analogous 
to the transient rise in blood pressure observed 
often in congestive heart failure. Moderate in- 
creases in extracellular volume induced by the in- 
travenous injection of isotonic solutions fail to 
alter the blood pressure in the nephrectomized dog 
(14). 

An increase of 7 per cent in the blood volume 
and 12.5 per cent in the extracellular volume 
(thiocyanate space) has also been demonstrated in 
the hypertensive rat by Braun-Menéndez and 
Martinez (15) and in the extracellular volume in 
the muscle of the hypertensive dog by Eichelberger 
(16). The presently reported observations indi- 
cate that this increase is a general property of the 
hypertensive state whether occurring spontane- 
ously, as in man, or induced experimentally by 
various procedures in the rat or dog. 

The conclusion that the extracellular fluid vol- 
ume is increased in hypertension assumes that the 
mannitol and radioactive spaces represent this 
body compartment both in the normal as well as in 
hypertension. Alterations in cell permeability of 
tissues normally impermeable to mannitol or radio- 
sulfate would result in apparently higher values, 
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but there is no evidence to indicate that such 
changes occur in hypertension. 

It has been demonstrated that the blood-free 
tissues of the hypertensive rat contain more so- 
dium and less potassium than the normal (1). 
It is evident from the present findings that this 
may be in part or entirely due to alterations in ex- 
tracellular volume rather than to an assumed al- 
teration in the intracellular content of these cations, 


SUMMARY 


The extracellular fluid volumes of a series of 
normotensive and hypertensive dogs and patients 
suffering from “essential” hypertension were de- 
termined by the use of mannitol and radiosulfate. 
The results indicate an appreciable expansion of 


the extracellular space in hypertension as compared 
to the normal, the significance of which, in the 
mechanism of hypertension, is discussed. 
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The lymphocyte, the plasma cell and the cells of 
the reticuloendothelial system have been described 
as sites of antibody formation in animals (1-5). 
Since the malignant lymphomata in man are often 
associated with an increase in the number of these 
cells, studies were initiated to determine if abnor- 
malities in antibody response oceurred in patients 
with leukemia, lymphosarcoma or Hodgkin's dis- 
“ase, 

Several reports have appeared in the literature 
describing the ability to form antibodies in patients 
with leukemia and related diseases. Antigens used 
have included typhoid organisms (6~9), vibrio vac- 
cine (10), and horse serum (11, 12). Antibody 
responses, measured by methods based on serum 
dilution techniques, suggested an impairment of 


antibody formation in patients with chronic leu- 
kemia, especially in those with chronic lymphatic 
leukemia. 


Heterophile antibody titers have been 
studied in patients with leukemia and allied dis- 
eases, and the data have recently been reviewed 
(13, 14). The evidence indicates that the inci- 
dence of elevated heterophile antibody titers is not 
The purpose of this 
communication is to report observations on anti- 
body formation in human leukemia, lymphosarcoma 
and Hodgkin’s disease, using the quantitative pre- 
cipitin technique developed by Heidelberger and 
his associates (15). 


increased in the leukemias. 


METIIODS 


None of the patients who served as subjects in this 
study received radiotherapy, nitrogen mustard or folic 
acid antagonists for a period of at least six months be- 
fore the test period. During the test period a few of 
the subjects were given supportive blood transfusions. 
Patients with acute leukemia treated with cortisone were 


1 This study has been aided by a grant from the Ameri- 
can Cancer Society on recommendation of the National 
Research Council. 

2 John and Mary R. Markle Scholar in Medical Science. 


24, 1952) 


started on the drug several days to several weeks before 
the test period and were maintained on the drug in dosage 
of 100 to 300 milligrams by mouth per day throughout 
the test period. 
diagnosis in patients with acute leukemia into the lym 
phatic and myeloid forms. After obtaining a preliminary 
blood sample, the patients were given (.08 milligram each 
of type-specific pneumococcus capsular polysaccharides 
I and II subcutaneously. Several post-immunization blood 
samples were obtained, and the highest post-immuniza- 
tion titer observed is reported as the antibody response 
Analyses for C-antibody and antibody to the capsular 
polysaccharides were carried out according to the method 
described by Heidelberger his (35): 
With this method, the de-fatted serum is first treated with 
crystalline egg albumin and rabbit anti-egg albumin se- 
rum to remove the complement. The C-antibody is then 
removed from the serum by addition of C-polysaccharide 
derived from a pneumococcus type other than the types 
used as antigens. The serum is then analyzed for the 


No attempt was made to classify the 


associates 


presence of antibodies to the capsular polysaccharides. 
Results are expressed as micrograms of precipitable anti- 
body nitrogen per 4 milliliters of serum. 


RESULTS 


Previous observations have established that the 
maximal antibody response to type-specific pneu- 
mococcus capsular polysaccharides | and II in hu- 
mans is usually 10 to 60 micrograms of antibody 
nitrogen per 4 milliliters of serum (15,16). A few 
normal individuals have been noted to have post- 
immunization antibody titers as high as 100 mi- 
crograms, and occasionally little or no antibody 
response is detected.* Representative values for 


antibody response in normal individuals are 
shown in Table I. 

Most of the patients under study had no detec- 
table precipitable antibody to the capsular poly- 
saccharides in the preliminary blood sample. The 
time of appearance of antibodies following the ad- 

8 According to the data in (15) the normal means are 
30 and 29 micrograms of antibody nitrogen per 4 milliliters 
of serum, with a S.D. of 37 and 25 for antibody to SI and 


SII, respectively. 
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TABLE I 
in normal man 


Micrograms of antibody nitrogen 
per 4 milliliters of serum 


Antibody Pre 
Subject to* immunization 


46 
3 


Post 
immunization 


1 


= Cut oon 


w 


coon 


S 
S 
Sl 
S 
Cc 
i 
S 
Cc 
S 
S 


* Letter and numeral refer to a umococcus polysaccha- 
ride precipitinogen used, te, C IIL and C VII are the 
somatic polysaccharides from oe Ill and Type VII 
pneumococcus, respectively; S I and S II are the capsular 
»olysaccharides derived from pneumococcus Types I and 

I, respectively. 


ministration of the antigens was similar to that 
observed in normal individuals. Maximal anti- 
body titers were usually achieved by two weeks fol- 
lowing immunization and patients living as long 
as six months after immunization showed a per- 
sistence of these elevated antibody titers. As has 


been described in normal individuals, there was 
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usually little change in the levels of C-antibody dur- 
ing the test period (15, 16). 

Nine of 11 patients with untreated acute leuke- 
mia produced unusually large amounts of anti- 
body to at least one of the antigens (Table II). 
Patient 71 was an adult who entered a spontaneous 
temporary remission during the test period and 
formed very little antibody. As is shown in Table 
III, the seven patients with acute leukemia who 


TABLE II 


Antibody formation in patients with untreated 
acute leukemia 


Micrograms of antibody nitrogen 
per 4 milliliters of serum 


Antibody Post- 
Subject to* immunization immunization 


73 C VII 29 
1 
1 


39 


nN 


NUH NNO 


YNA NYHA NNO 


* See footnote, Table I. 

t Specimen of serum became contaminated in the course 
of repeated absorptions and this probably represents a 
value less than the true anti-S IT content. 

{ Patient entered a period of spontaneous temporary 
remission during the test period. 
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I 11 
0 11 
2 18 
27 
23 
30 
23 
4 6 
29 
45 
6 37 
537 
669 
9 16 32 Wl = 45 
; I 0 396 
II 0 563t 
i re 104 38 VI 28 14 
I 0 624 
Il 1 111 
35 I 8 117 38 VI 30 69 
52 I 0 121 
I 96 
II 14 604 
39 II 26 121 32 VII 62 36 
1S I 0 25 
22 
Il 0 640 
40 iI 50 97 61 VII 51 61 
144 I 0 122 
I 61 
Il 9 447 
41 I 15 19 18 18 
II 0 586 
32 120 15 VI 20 19 
I 0 47 
il 2 15 
II 0 428 
123 45 VI 7 19 
I 0 86 
II 0 374 
118 15 VII 8 19 
I 0 14 
I 2 20 
71t 43 a 24 23 
1 4 
3 4 _§. 
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TABLE III 


Antibody formation in patients with acute leukemia 
treated with cortisone 


Micrograms of antibody nitrogen 
per 4 milliliters of serum 
Post- 

immunization 


Antibody Pre 
Subject : to* immunization 


85 VII 98 21 


I 0 284 
Il 0 59 


43 22 
153 


NNG 


PRO 


MNO NDA 


* See footnote, Table I. 


were treated with cortisone showed antibody re- 
sponses which were often well above the normal 
range but appeared to be considerably lower than 
in the untreated group. 

In Table LV, data on seven patients with chronic 
myeloid leukemia indicate an antibody response 
essentially in the normal range. Eight out of 
nine patients with chronic lymphatic leukemia ex- 
hibited little or no detectable antibody response 
(Table V). Patient No. 113 had an episode of 
bacterial pneumonia during the test period, ac- 
companied by a normal antibody response to the 
administered antigens. 

Three patients with Hodgkin's disease and four 
patients with lymphosarcoma presented a low or 
normal antibody response (Table VI). Previous 
studies have indicated (17) that patients with 
multiple myeloma form little or no antibody to 
pneumococcus capsular polysaccharides I and II. 


DISCUSSION 


The pneumococcus polysaccharide-anti-polysac- 
charide system has several features which make 
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it different from many other antigen-antibody sys- 
tems. The antigen is non-protein and it fails 
to stimulate antibody formation in the rabbit (18). 
In man, elevated antibody titers may persist for 
years following a single antigenic stimulation, and 
in these individuals, an anamnestic response does 
not occur (19). For these reasons information on 
antibody response obtained in man using the pneu- 
mococcus polysaccharides does not necessarily ap- 
ply to other antigen-antibody systems or to other 
species. 

The ability to form antibodies to the pneumo- 
coccus capsular polysaccharides in these studies ap- 
peared to be influenced by the type of leukemia 
present. Individuals with acute leukemia had the 
largest number of immature white blood cells in 
their peripheral blood and bone marrow, and were 
also noted to have the largest antibody responses. 
There was no apparent relation between the total 
white blood cell count in the peripheral blood and 
the amount of antibody produced. 
raise the possibility that, in man, the immature 
white blood cell may play a role in the formation 


The data do 


TABLE IV 


Antibody formation in patients with chronic 
myeloid leukemia 


Micrograms of antibody nitrogen 
per 4 milliliters of serum 


Post- 
immunization 


Pre 


Antibody 
Subject to* immunization 


61 


0 144 
1 0 38 


Ss 
Cc 
of 


70 10 


0 


LNA HNN 


II 


* See footnote, Table I. 


| 
II 0 116 ; 
107 30 VII 40 35 4 
I 0 141 
Il 0 53 
112 73 VI 54 32 - 
I 0 45 fe 
Il 0 148 | 
108 55 VI 15 26 
I 0 8 
Il 0 139 
93 53 VII 16 189 
I 0 30 
Il 0 62 
111 30 VII 25 33 
I 0 10 : 
II 0 67 
= 69 
15 
211 
I 9 0 
22 51 at 6 0 
0 45 5 
I 0 67 
23 60 I 26 21 
4 53 
[ 0 57 
82 55 51 
0 44 
I 0 63 
83 45 a1 21 33 
0 26 : 
I 0 46 
96 62 VII 82 86 
I 0 24 
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of antibody to the pneumococcus polysaccharides. 
Other studies (15, 16) have indicated that a large 
antibody response to one antigen is not necessarily 
accompanied by a similar response to another an- 
tigen. This observation is confirmed by the present 
studies and remains without an explanation. 

It has been shown that the administration of 
cortisone to patients with rheumatoid arthritis has 
no detectable effect on the level of circulating anti- 
body to pneumococcus polysaccharides when cor- 
tisone is given either before or during the pe- 
riod of active immunization (16). In the present 
studies, cortisone administration to patients with 
acute leukemia was associated with the production 
of smaller amounts of antibody than was observed 
in the group of patients with acute leukemia who 

TABLE V 
Antibody formation in patients with chronic 
lymphatic leukemia 


Micrograms of antibody nitrogen 
per 4 milliliters of serum 


Post 
immunization 


Antibody Pre 
Subject / to immunization 


19 


| 26 16 
SI 0 0 


I 0 0 


36 
0 
0 


42 
0 
0 


* See footnote, Table I. 
t Patient had an episode of acute bacterial pneumonia 
during the test period. 
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TABLE VI 


Antibody formation in patients with Hodgkin's 
disease or lymphosarcoma 


Micrograms of antibody 
nitrogen per 4 milli 
liters of serum 
Antibody Pre- Post- 
to* immunization immunization 


Subject 
20 
Hodgkin's 


disease 


31 
Hodgkin's 
disease 


76 
Hodgkin's 
disease 


18 
Lympho- 
sarcoma 


UNA 


74 
Lympho- 
sarcoma 


Lympho- 
sarcoma 


50 74 
Lympho- 


sarcoma 


MNO 


* See footnote, Table I. 


did not receive cortisone. However, almost half 
of the values were well above the normal range 
of antibody response. The dosage of cortisone 
used in treating patients with acute leukemia was 
considerably larger than the dosage used in the 
treatment of rheumatoid arthritis and this may 


have influenced the results. 


SUMMARY 


Antibody formation to pneumococcus capsular 
polysaccharides I and II has been studied in a 
group of human subjects with leukemia and other 
lymphomatous disease, using quantitative immu- 
Nine of 11 patients with 
untreated acute leukemia had unusually large anti- 


nochemical techniques. 
body responses, These responses were impaired 
in seven patients with acute leukemia receiving 
cortisone. Eight of nine patients with chronic 
lymphatic leukemia exhibited little or no antibody 
response. Seven patients with chronic myeloid 
leukemia, three patients with Hodgkin’s disease, 
and four patients with lymphosarcoma had anti- 
body responses essentially within the normal range. 


Age 
20 
I 0 0 
II 0 7 
48 Il 68 70 ‘ ‘ 
J 1 32 
II 0 39 
: 37 VII 64 64 
I 1 0 
Il 1 1 
55 Il 25 22 
I 0 0 
ll 0 17 
42 VII 61 61 
I 0 25 
Il 8 27 
= 80 34 VII 48 50 
4 Il 1 0 
I 0 3 
21 49 C1 39 
SI 0 
S ll 0 
72 52 C VI 35 
Ss 0 | 
~ 0 
81 73 Cc VII 12 12 
= 0 3 
Sill 0 0 
&6 65 C VII 49 18 
Sl 0 0 
S$ il 0 0 
: 04 63 CVI 8 18 
| SI 0 3 
S Il 0 3 
| 116 47 CVI 0 0 
Sl 0 3 
S Il 1 3 
119 57 CVU 12 10 
0 0 
7 | 2 0 
* 
113t 48 CVI 74 35 L 
SI 0 43 ° 
SII 0 32 
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Although copper was recognized as a normal 
constituent of blood in about 1870 (1), relatively 
few studies have been made on the metabolism of 
this element in human subjects. The value of 
the work of earlier investigators is limited because 
Within the 
past 10 years, however, several workers, by the 
use of more reliable methods, have measured the 
copper content of whole blood and plasma in the 
normal human subject (2-11). Cartwright (12) 
has recently reviewed this literature in detail. 

A simple and accurate method for the determina- 


the methods used were inadequate. 


tion of copper in whole blood, plasma and red blood. 


cells has been developed in our laboratory recently 
(13). 
concerning certain aspects of copper metabolism 
in the human subject to which reference will be 
made later, and the disagreement regarding other 


In view of the inadequate available data 


aspects, it was considered worthwhile to undertake 
a comprehensive investigation of blood copper val- 
ues in the normal human subject under various 
physiological conditions. The results of this study 


are presented herewith. 


1 This investigation was supported by a research grant 
from the National Institutes of Health, Public Health 
Service. 

2 National Research 
Sciences, 1949-1951. 


Council Fellow in the Medical 


METHODS AND MATERIALS 


Determinations of whole blood, plasma and red blood 
cell (RBC) copper were made by the method of Gubler 
and his associates (13). In many, but not all instances, 
duplicate determinations were done; in such instances 
the mean value was used. 

The subjects studied were not given physical examina- 
tions but were apparently healthy individuals, ranging 
in age from 20 to 40 years, who were actively engaged in 
their work as medical students, doctors, nurses or labora- 
tory technicians. 


RESULTS 


A. Normal values. The values for whole blood 
and plasma copper in 63 subjects and for RBC 
copper in 31 subjects are shown in Table I. Blood 
samples were obtained in the morning but the sub- 
jects were not necessarily fasting nor otherwise 
under basal conditions. 

Values for whole blood copper (W.B.Cu) 
ranged from 70 to 117 yg. per 100 ml. blood in the 
male, and from 69 to 117 yg. per 100 ml. in the fe- 
male. Only the one value of 69 pg. per 100 ml. 
was greater than two standard deviations from 
the mean. 

Values for plasma copper (PI.Cu) ranged from 
68 to 134 pg. per 100 ml. plasma in the male, and 
from 84 to 143 pg. per 100 ml. in the female. The 
value of 68 pg. per 100 ml. found in two male sub- 


TABLE I 


Blood copper values in normal human subjects 


Whole blood copper 


No. 
subjects 


ug. /100 ml.* 


€ 
Male 40 6 


+13 


100 

»male 2 

Female 23 411 
98 


Potal 63 +13 


* Figures refer to mean + standard deviation. 


Plasma copper 


No. 
subjects 


RBC copper 


No. 


ug./100 ml.* subjects ug./100 


105 
+16 


110 


40 +16 


19 


23 116 12 122 
+16 +29 
109 115 
+17 +22 
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TABLE II 


Diurnal variation in plasma copper and red blood cell copper in male subjects 


Plasma copper, wg./100 ml. 


8 12 3 6 9 


Red blood cell copper, ug./100 ml. 


8 12 3 6 9 


1 
Subject a.m. noon p.m, p.m, p.m. mbites a.m. noon p.m. p.m. p.m. midnight 
1 116 122 140 137 128 128 100 110 — 138 127 92 
Z 134 140 140 163 131 143 99 94 138 96 115 95 
3 113 110 122 128 122 116 114 95 119 175 100 82 
4 89 80 83 86 77 86 109 130 101 110 151 118 
5 95 86 101 101 101 92 108 84 79 79 82 99 
6 1s 130 125 131 IZ 119 88 85 104 94 102 104 
7 80 93 74 84 86 83 102 91 98 126 120 142 
8 68 92 77 89 89 89 102 102 102 110 105 157 
9 111 107 122 117 111 108 
10 81 87 78 81 77 77 
14 105 98 95 105 105 105 
Mean 101 104 105 111 105 104 103 99 106 116 113 111 
+S.E. +5.90 +608 +7.68 +7.95 +6.12 +6.64 +2.78 +5.37 +650 +10.68 +7.32 +9.23 


jects, was more than two standard deviations ‘ 


from the mean. 

Values for RBC copper ranged from 84 to 141 
pg. per 100 ml. red blood cells in the male, and 
from 84 to 159 yg. per 100 ml. in the female sub- 
jects. All values were within the range of the mean 
+ two standard deviations. 

The mean plasma copper for females was sig- 
nificantly higher than that for males (t = 2.67, p 
near 1 per cent). There was no significant differ- 


RBC Cu (ug. per 100 ml.) X - 


Mean corpuscular copper = —-——— 


ence in the whole blood and RBC copper values 
in the two sexes. 

RBC copper can be calculated by substituting in 
an appropriate formula* the determined values 
for whole blood and plasina copper. If this is done 
for the 19 male and 12 female subjects on whom 
RBC copper was actually determined, values of 
91 and 90 pg. per 100 ml., respectively, are ob- 
tained. (The mean VPRC—volume packed red 
cells—for the men was 50 ml. per 100 ml, and for 
the woman 45 ml. per 100 ml.) The mean calcu- 
lated values were thus somewhat lower than the 
mean determined values for RBC copper. Exami- 
nation of the individual data reveals that in 15 of 
Red Cell Copper 

~ W.B. Cu (100) ~ Pl. Cu (100 ~ VPRC) 
VPRC 
W. B. Cu refers to whole blood copper expressed in xg. 
per 100 ml. blood; Pl. Cu refers to plasma copper ex- 
pressed in ug. per 100 ml. plasma; VPRC refers to volume 
of packed red cells in ml. per 100 ml. blood. 


the 19 malés and in 11 of the 12 female subjects, 
calculated RBC copper was lower than the deter- 
mined RBC copper, in several instances by as much 
as 35 to 55 per cent. 

The ratio of determined red cell copper to plasma 
copper for the male subjects was 1.04 and for the 
female subjects 1.05. 

The amount of copper in the average red cor- 
puscles (mean corpuscular copper) may be cal- 
culated by means of the formula: 


VPRC (ml. per 100 ml.) 
100 


For the 31 subjects in whom RBC copper was 
determined, the mean red cell count was 5.51 x 
10° per mm.’ and the mean VPRC was 48 ml. per 
100 ml. According to the above formula, a value 
of 100 ppyg. for the mean corpuscular copper is 
obtained. 

B. Diurnal veriation, Plasma copper deter- 
minations were made on 11 healthy male subjects 
at the time intervals shown in Table II, beginning 
at 8 a.m. and ending at midnight. In addition, on 
eight of these 11 subjects RBC copper determina- 
tions were made at the same time intervals. The 
initial blood samples were drawn with the sub- 
jects fasting but not otherwise under basal condi- 
tions. Throughout the day each subject engaged 
in his usual activity, 

The mean value for plasma copper at 8 a.m. was 
101 pg. per 100 ml. plasma and at 6 p.m. was 111 
pg. per 100 ml. This general pattern of a rise in 
plasma copper in the afternoon with a fall in the 
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evening occurred in nine of the 11 subjects stud- 
ied. The peak did not appear uniformly at 6 p.m. 
but in two subjects occurred at noon, and in two 
others at 3 p.m. While the majority of indi- 
viduals exhibited an increase of 6 to 15 pg. during 
the afternoon, one subject’s plasma copper rose 
from 134 pg. per 100 ml. at 8 a.m. to 163 pg. per 
100 ml. at 6 p.m., an increase of 29 pg. or 22 per 
cent. In one individual there was essentially no 
fluctuation during the day; in another an actual 
decrease in plasma copper occurred, from 89 yg. 
per 100 ml. at 8 a.m. to 77 pg. per 100 ml. at 9 
p.m. Statistical analysis of the data reveals that 
the differences between the 8 a.m. values and the 
values at the time of maximal change, would occur 
by chance only two times out of 100 (p = 2 per 
cent). 

The mean value for RBC copper at 8 a.m. was 
103 pg. per 100 ml. red blood cells and at 6 p.m. 
was 116 pg. per 100 ml. While there was a gen- 
eral tendency for RBC copper to be elevated in 
the afternoon and evening in seven of the eight 
subjects studied, individual variations in actual 
pg. per 100 ml. were greater than for plasma cop- 
per. The highest value for RBC copper did not ap- 
pear uniformly at 6 p.m. but occurred at 3 p.m. in 
two, at 9 p.m. in one, and at midnight in two. In 
one subject, RBC, copper actually decreased from 
108 pg. per 100 ml. at 8 a.m. to 79 wg. per 100 ml. 
at 3 p.m. and then rose to 99 pg. per 100 ml. at 
midnight. The differences between the 8 a.m. 
values and the values at the time of maximal change 
would occur by chance only once or twice out of 
100 times (p between 1 and 2 per cent). 

C. Day to day and week to week variation. 
Blood was obtained for plasma copper determina- 
tions from each of eight healthy male subjects on 


TABLE III 


Day to day variation in plasma copper in eight 
healthy male subjects 


Plasma copper 
ug. (100 ml. 
Day 


Subject 
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successive days, with the exceptions noted in Table 
III. The individuals fasted over night and sam- 
ples were obtained in the morning before breakfast. 
An analysis of variance shows that the day to day 
variation is not significant (p greater than 20 per 
cent). 

In addition, plasma copper determinations were 
made on subjects 3 and 7 and one other male sub- 
ject at weekly intervals for three weeks. In the 
first, second and third weeks, values for subject 
3 were 83, 96, and 75, respectively, for subject 7, 
they were 96, 74, and 81, and for the third subject 
they were 95, 98, and 98 pg. per 100 ml. plasma, 
respectively. The sampling was too small to lend 
itself to statistical analysis, but it is apparent that 
the changes were small. 


TABLE IV 
The effect of the ingestion of food on the plasma copper level 


Plasma copper 
ug./ 100 ml. 


Relation Subject 
to meal 1 2 3 4 5 


Before 105 % «+%92 95 105 
After 1022 105 106 


D. Variation with meals. For the purpose of 
determining the effect of food ingestion on the 
plasma copper level, blood samples were examined 
before and two and one-half hours after the noon 
meal in five healthy male subjects. The results 
are presented in Table IV and show that only a 
very slight and insignificant rise took place in the 
plasma copper levels of four of the five individuals 
studied. The average increase in these five sub- 
jects was less than 4 pg. per 100 ml. 

E. Variation with menstruation. Five healthy 
female subjects, ages 27 to 36 years, were studied 
to determine the variation in blood copper during 
the menstrual cycle. Because of the difficulties en- 
tailed, no attempt was made to obtain venous 
blood samples immediately before or after the time 
of actual menstrual flow, nor at the mid-point in 
the menstrual cycle. Instead, blood samples were 
obtained from each of the five subjects on the same 
day of the week for 20 weeks. Thus, in each 
subject determinations were made before and af- 
ter each of four periods of menstrual flow. A 
calendar of the first day of menstrual flow was kept 
for each subject. The plasma copper determina- 
tion made on the day nearest to the day of actual 
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P| 1 2 3 4 5 
1 77 80 8&4 98 92 
2 95 - 9 108 104 a 
3 90 80 90 99 95 
4 110 % 99 110 eae 
5 96 107 110 128 as 
6 107 111 110 - 98 
7 81 78 80 - 81 
8 98 110 108 — 103 
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TABLE V 
Variations in plasma copper with menstruation 


Weeks before Weeks after 


menstruation First menstruation 
Subject 3 2 1 menses 1 2 3 
113 107 108 95 102 
1 108 95 102 116 122 124 
112 115 116 124 87 
116 124 87 112 105 110 
Mean 112 111 102 113 110° 11S 8687 
122 107 110 128 110 104 
4 128 110 104 107 
96 102 112 124 
102 112 124 89 102 112 101 
Mean 1S 105 112 101 
105 92 97 101 98 92 
3 101 98 92 107 107 | 
96 104 114, 124 83 96 
124 83 96 105 104 
Mean 113. 96 9% 106 109 91 94 
116 113 107 104 98 101 98 
4 98 101 98 116 
102 105 104 124 
105 104 124 93 102 99 104 
Mean 106 106 110 104 102 101 109 
119 125 119 £16 122 
3 124 119 136 133 109 112 
109 112 124 131 
Mean 109 118 123 129 1273. 193 


Results are expressed in wg. per 100 ml. 


onset of menstrual flow is recorded in Table V as 
representing the plasma copper on the first day 
of the menses. The remaining determinations are 
given as they fell at weekly intervals before or af- 
ter the “first day” of menses. A total of 103 plasma 
copper determinations were made. 

From the values recorded, it would seem that 
plasma copper is quite stable in the menstruating 
female subject, with no tendency to change con- 
sistently in either direction in the weeks prior 
to or after the onset of the menses. In none of the 
individuals were values found outside the previ- 
ously defined normal range. 

RBC copper determinations were made concur- 
rently with those for plasma copper, but, for the 
sake of brevity, are not presented. These values 
Ina 
single individual, while the RBC levels fluctuated 
to a greater extent than did the plasma values, 


were also found to be relatively constant. 


there was no tendency toward a consistent change 
in either direction in the weeks before or after the 


menses. 
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DISCUSSION 


The values, 98 + 13 pg. per 100 ml. for whole 
blood copper and 109 + 17 yg. per 100 ml. for 
plasma copper in the 63 normal subjects studied, 
are in excellent agreement with the values pub- 
lished by other investigators. Thus in 91 subjects 
of both sexes studied by five investigators (2, 7, 
9-11), the mean value for whole blood copper 
varied only between 91 and 110 yg. per 100 ml. 
blood with individual values ranging from 73 to 
147 pg. per 100 ml. In 504 subjects studied by 
nine investigators (2-8, 10, 11), the mean value 
for plasma copper varied between 84 and 126 yg. 
per 100 ml., with individual values ranging from 
64 te 165 pg. per 100 ml. 

No difference in whole blood copper between 
the sexes has been reported, but several investiga- 
tors have found the plasma copper to be signifi- 
cantly higher in women (2-5). Only Heilmeyer 
(7) who examined the blood of 30 males and 30 
females found no difference between the plasma 
copper values in the two sexes. Although in a 
preliminary study from this laboratory (12) no 
significant difference in plasma copper was found 
between males and females, the data for a greater 
number of individuals, presented here, indicate 
that plasma copper is significantly higher in the 
female. 

Heretofore, with but one exception (10) the 
copper content of the red blood cell has been calcu- 
lated by substituting in an appropriate formula the 
values for whole blood and plasma copper in pg. 
per 100 ml. (2, 7, 11). The reported values vary 
rather widely and there is disagreement regarding 
the ratio of plasma copper to red blood cell copper. 
Furthermore, our own direct determinations of 
red cell copper yielded higher values than those 
calculated from whole blood and plasma copper. 
The lack of agreement between the determined 
and the calculated red cell copper concentrations 
has been shown (13) to be due to the summation 
of the errors involved in the several measurements 
required for the calculation of the red cell copper 
concentration. The largest contribution to this 
error comes from the determination of the whole 
blood copper. By the method used, this is more 
variable than the plasma copper determination and 
the values obtained are lower by an average of 7 
per cent than those determined following wet ash- 
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ing of whole blood. Although the direct deter- 
mination of red cell copper is somewhat less accu- 
rate than the measurement of plasma copper, it is 
significantly more accurate than the determination 
of whole blood copper and is greatly to be pre- 
ferred over the calculation of red cell copper from 
the whole blood and plasma values. This is par- 
ticularly true in studies of anemic states. 

The criticism may be offered that in the method 
used herein no attempt was made to separate leuko- 
cytes and platelets from red blood cells prior to the 
determination of copper in the washed red cells 
and that this might result in an abnormally high 
value for RBC copper. In answer, it has been 
pointed out (13) that, while leukocytes contain 
about as much copper as erythrocytes, they make 
up such a small fraction of the total cell volume that 
their contribution to the cell copper is negligible 
and can be ignored. 

On the basis of actually determined RBC copper, 
the ratio of cell copper to plasma copper becomes 
1.04 in males and 1.05 in females, rather than the 
lower figures we reported earlier (12) or those 
which can be derived from the data of Holmberg 
(11) and Munch-Petersen (2), all of which are 
based on calculated values for cell copper. Thus it 
appears that the copper content of the red cells 
when expressed on a weight-volume basis, is es- 
sentially equal to that of plasma. Such a conclu- 
sion is in agreement with that of Heilmeyer, 
Keiderling and Stuwe (7). However, if the data 
are expressed in terms of the water content, the 
red cell copper concentration is approximately 185 
pg. per 100 ml. of water and the plasma copper 
concentration is approximately 117 pg. per 100 ml. 
of water. 

Recalculations, based on actual measurements of 
cell copper, yield the value of 100 pypg. for the 


amount of copper in the average red corpuscle 
(“mean corpuscular copper”), rather than the 
lower figure cited in an earlier report (12). 

The data available in the literature indicate that 
plasma copper values vary relatively little from 
Variations from day to 
day in the same individual, however, have not been 


individual to individual. 


studied adequately. Heilmeyer, Keiderling and 
Stuwe (7) found no diurnal variations in plasma 
copper, while Munch-Petersen (14) and Nielsen 
(4) found the values to be lowest in the morning, 
rising somewhat during the forenoon or evening. 
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Munch-Petersen (14) also noted a tendency for 
copper concentrations to decrease during periods 
of sleep in the day or the night and assumed that 
plasma copper, like plasma iron, is regulated by the 
same factors which regulate sleep. In the present 
study copper determinations were made only be- 
tween 8 a.m. and midnight and not during sleep. 
The lowest values were found in the morning, 
rose to a peak at 6 p.m. and then declined. In 
general, however, the diurnal variation found in 
this study as well as in those of Nielsen and Munch- 
Petersen was quite small in comparison with that 
occurring in plasma iron levels in man (15). 
Thus, of the 63 determinations of plasma copper 
done during the course of studying diurnal varia- 
tion, only five were outside the limits previously 
established for plasma copper in the normal male. 

A diurnal variation in RBC copper has not 
been reported previously. The results of the pres- 
ent study indicate that, like plasma copper, values 
for RBC are lowest in the morning and rise some- 
what in the afternoon and evening. The variation 
is relatively small. Of the 47 determinations done 
during the course of the study, only three were out- 
side the limits established for RBC copper in the 
normal male. 

Robinson (8) and Heilmeyer, Keiderling and 
Stuwe (7) found very little change in plasma cop- 
per from week to week. Nielsen (4), on the other 
hand, in studies on five normal women at inter- 
vals of two to three days, found considerable vari- 
ation from time to time, though not outside his 
normal limits for individual determinations. No 
cyclic pattern of variation has been observed. In 
the present study, the day to day and week to week 
variation in plasma copper was insignificant, thus 
confirming the reports of others. 

It was found that variations with meals are 
negligible, as Heilmeyer, Keiderling, and Stuwe 
(7) had previously reported. Neither physical 
exertion nor meals have any effect on plasma 
copper, according to Heilmeyer, Keiderling and 
Stiiwe (7). 

There has been disagreement regarding varia- 
tions in plasma copper during the menstrual cycle. 
Nielsen (4), Locke, Main and Rosbash (16), Heil- 
meyer, Keiderling, and Stiiwe (7), and Sachs, 
Levine and Griffith (17) found no correlation, 
while Sarata (10) noted an elevation of both 
plasma and red blood cell copper immediately be- 


| 
5 


BLOOD COPPER IN NORMAL MAN 


fore the onset of menstrual flow. It seems clear 
that the amount of copper lost through the nor- 
mal menstrual flow is small (18). The results of 
the present study indicate that, while a change 
of as much as 33 per cent may occur in the plasma 
copper level in a single individual during the men- 
strual cycle, the variation is not outside the normal 
limits established for the female. Values for RBC 
copper were also found to be relatively constant 
during the mentrual cycle. 


SUMMARY 


By the use of a method recently developed in 
this laboratory, values have been found for whole 
blood copper of 96 + 13 pg. and 100 + 11 yg. per, 
100 ml. blood in the male and female, respectively, 


pg. per 100 ml. plasma in the male and female, re- 
spectively. These values are in excellent agree- 
ment with those given by other investigators. 
Published observations that plasma copper is 
significantly higher in females than in males, have 
been confirmed. The copper content of red blood 
cells has been determined directly and values of 
110 + 16 pg. in males and 122 + 29 yg. per 100 
ml. of red blood cells in females are reported. 
It is pointed out that the direct measurement of red 
cell copper is more accurate than the calculation of 
RBC copper from whole blood and plasma copper 
values. 

The amount of copper in the red cells, when ex- 
pressed on a weight-volume basis, has been found 
to be essentially equal to that in the plasma. The 
calculated amount of copper in the average red 
corpuscle (mean corpuscular copper) is approxi- 
mately 100 ppyg. 

A very small diurnal variation in plasma copper 
has been observed. Compared with that which takes 
place in plasma iron levels in man, however, the 
variation is small. A slight diurnal variation in 
RBC copper has been demonstrated. 

Variations from day to day, from week to week, 
with and with 
found to be of insignificant degree. 


meals menstruation have been 
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VII. BLOOD COPPER IN 


PREGNANCY AND VARIOUS PATHOLOGIC STATES ! 


By M. E. LAHEY,? C. J. GUBLER, G. E. CARTWRIGHT, ano M. M. WINTROBE 


(From the Departments of Medicine and Pediatrics, University of Utah College of Medicine, 
Salt Lake City, Utah) 


(Submitted for publication September 30, 1952; accepted December 31, 1952) 


In the preceding paper (1) values for the cop- 
per content of whole blood, plasma and red blood 
cells (RBC) in the normal human subject, as de- 
termined by a new method recently devised in this 
laboratory (2), were recorded. The copper con- 
tent of the blood in healthy individuals has been 
found to be remarkably constant. In various clini- 
cal conditions, on the other hand, fluctuations in 
whole blood and plasma copper occur. Conflict- 
ing reports make it impossible to state what part 
of the changes observed in disease are attributable 
to alterations in the content of copper in the red 
cells themselves. 

The purpose of this report is to present data 
on whole blood, plasma and, particularly, RBC 
copper during pregnancy and in patients with vari- 
ous diseases. 


REVIEW OF LITERATURE 


In 1928, Krebs (3) discovered that serum cop- 
per is increased in pregnancy as well as in acute 
and chronic infectious diseases. These observa- 
tions have since been confirmed by many investi- 
gators (4-19). Hypercupremia has also been ob- 
served in leukemia (5, 7, 9, 16), Hodgkin's dis- 
ease (16), aplastic anemia (5, 16), iron deficiency 
anemia (5, 9, 16, 20), pernicious anemia (5, 7, 
9, 16), sickle cell anemia (9), thalassemia (16), 
polycythemia vera (9), purpura (9), Banti’s syn- 
drome (9, 16), hepatolenticular degeneration (21) 
and various other types of liver disease (5, 7, 16), 
Addison’s disease (7, 22), diabetes (7), the “col- 
lagen diseases” (5, 9, 16), carcinoma of various 
types (5, 7, 9), hyperthyroidism (5, 7, 23), al- 
lergic reactions (5), malaria (5,9), arsenic poison- 
ing (5,9), schizophrenia and in various disorders 
of the central nervous system (5,9). 


1 This investigation was supported by a research grant 
(RG 25 [C6]) from the National Institutes of Health, 
Public Health Service. 

2 National Research Council Fellow in the Medical Sci- 
ences, 1949-1951. 


According to all (5, 8, 13, 14) but one (12) in- 
vestigator, the serum copper increases in early 
pregnancy and continues to rise to reach levels 
at full term approximately twice those found in 
non-pregnant subjects. Normal values reappear 
during the first two months post-partum (4, 13). 
The serum copper level in pre-eclampsia shows 
a small but sigtiificant increase over the usual ele- 
vation observed in pregnancy, but there seems to 
be no correlation between the severity of toxemia 
and the height of the serum copper level (13). 

The increase in plasma copper that occurs in 
most acute and chronic infections begins soon 
after the onset of the infection and returns to nor- 
mal during convalescence (16). In this respect, 
its behavior is like that of the so-called acute phase 
reactants and of the erythrocyte sedimentation 
rate (24). The relationship between the hyper- 
cupremia and alterations in the serum proteins 
will be discussed in a subsequent paper in this 
series (25). Whether any change occurs in the 
copper content of the red blood cells along with 
the increased plasma copper in infection is un- 
settled. Heilmeyer observed a reduction in RBC 
copper and postulated that there is a shift from 
erythrocytes to plasrna (5). Still other work in- 
dicates that RBC copper remains constant in spite 
of considerable fluctuation in serum copper (26). 
It is worth emphasizing that these divergent claims 
have all been made on the basis of calculated val- 
ues for RBC copper, the inaccuracies of which 
have been stressed (2, 26). 

In addition to the association of hypercupremia 


with pathologic conditions accompanied by an in- 


crease in body temperature and in sedimentation 
rate, it has been stated that the plasma copper 
content is dependent on the functional state of the 
thyroid gland. Hypercupremia, which usually de- 
creased with successful treatment, has been ob- 
served in thyrotoxicosis (5,7). In hypothyroid- 
ism (5, 7, 12, 23) low normal values for plasma 
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copper have been reported. However, no clear 
correlation between the serum copper level and 
the basal metabolic rate has been demonstrated 
(23). 

In patients with carcinoma of various types, 
Heilmeyer showed that the RBC copper is often 
decreased, with the result that the distribution of 
copper in the cells and serum is similar to that 
noted by him in infections (5). Patients with 
hepatic neoplasms have been found to have less 
copper in the liver than is normal and experimental 
evidence has been recorded that the presence of 
neoplasms in rats is associated with a significant 
decrease in the copper concentration in the liver 
(27, 28). 

Hypocupremia has been noted only in hepato- 
lenticular degeneration (29) and in one patient 
with severe nephritis and hypoalbuminemia. The 
copper content of cord blood when compared with 
that of maternal blood is distinctly low (4, 6, 8,9). 
In hemochromatosis (30), normal values have 
been reported. 
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MATERIALS AND METHODS 


The hematologic methods used in this study have been 
described elsewhere (31). Other methods used for the 
various determinations were as follows: that of Gubler, 
Lahey, Ashenbrucker, Cartwright and Wintrobe for whole 
blood, plasma and RBC copper (2); a modification of 
Barkan and Walker’s method for plasma iron (32); and 
that of Cartwright and Wintrobe for the plasma iron- 
binding capacity (33). 

Blood samples were obtained from the pregnant women 
in the early afternoon, while all others were obtained in 
the morning. 

In studying the utilization of copper administered in- 
travenously in two patients with chronic infections, “Cu- 
pralene” (Specia, Paris, France) was used. This is 
allylcuprothiocarbamide and contains 19.93 per cent copper. 
One hundred milligrams, diluted in 15 ml. sterile physio- 
logical saline, was administered rapidly into a vein of one 
extremity and subsequent samples of blood were taken 
from another site. 


RESULTS 


1. Normal values. The values for whole blood, 
plasma and RBC copper listed in Tables I and IV 
are those previously reported from this laboratory 


TABLE I 


Values for blood copper and tron in various clinical conditions compared with the normal 


Whole 


lood copper 
100 mil. 


VPRC 


Mean No. 
ml. /100 ml. subjects 


Mean 


Condition +5S.D. 


Plasma copper 
ue./100 ml. 


No. 
subjects 


RBC copper 
ue./100 ml. 


Mean 
+S.D. 


Plasma iron 
ue./100 ml. 


No. Mean 
subjects +S.D. 


Mean No. 
+5S.D. subjects 


Normal 48 63 98 
+13 


Pregnancy 37 30 169 
+26 


Infection 141 
+30 


Acute leukemia 195 
+83 


Chronic leukemia 119 
+24 


Hodgkin's disease 142 
+50 


Hemochromatosis 103 
Pernicious anemia 111 
+29 

Iron deficiency anemia 
adults 30 114 
+16 


infants 28 24 155 
+30 


109 31 115 115 
+17 +22 +42 


222 11 130 91 
+38 +30 +38 


167 18 116 57 
+35 +34 +28 


236 171 
+79 +70 


148 113 
+31 +54 


171 78 
+58 +24 


134 234 
+24 +62 


121 173 
+36 +55 
132 26 
+21 +7 


168 31 
+37 + 7 


VPRC signifies volume of packed red cells. 
S.D. signifies standard deviation. 
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TABLE Il 
The effect of corticotrophin (ACTH) therapy on the plasma copper and the clinical condition of 


four patients with acute leukemia 


ACTH 


Duration 
of therapy 


Total 


Patient dose 


Plasma copper 
ug./100 
Before 
therapy 


After 
therapy 


Clinical 
improvement 


P. L. 
H. McE. 
J. W. 


Plasma 
copper 
/100 ml. 


Iron deficiency 
anemia 


RBC 
copper 
ug./100 ml. 


Iron-binding capacity 
Total 


ug./100 ml. 
plasma 


Plasma Saturation 
iron 


ue./100 ml. 


170 
154 


Before therapy 
After therapy 


149 
133 


404 
352 


31 
78 


* Figures refer to the mean. 


(1). The value for plasma iron was derived from 
determinations on 27 of the 63 normal subjects ; 
17 were male and 10 were female. A significantly 
lower value was found in females (106 pg. per 100 
ml.) as compared with males (121 yg. per 100 ml.) 
but, because all of the groups of clinical conditions 
except pregnancy include patients of both sexes, 
the mean value of 115 vg. per 100 mi. is given in 
the tables. 

The normal average value for plasma copper is 
significantly higher in females (116 vs. 105 yg. per 
100 ml.) but for a similar reason, the mean value 
of 109 pg. per 100 ml. is listed in the tables. 

From the comprehensive study of Axtrup (34) 
and from the few determinations made in this 
laboratory on normal children, it seems that blood 
copper values are the same in normal children and 
adults. However, we have observed rather strik- 
ing differences in the values in certain pathological 
conditions in children as compared with adults. 
They will, therefore, be considered separately. 

2. Pregnancy. The results of copper and iron 
determinations during the last trimester of preg- 
nancy are presented in Table I. In none of the 
patients was toxemia a complicating factor. 

Whole blood and plasma copper determinations 
in the 30 pregnant subjects ranged from 130 to 277 
pg. per 100 ml. blood and from 150 to 285 pg. per 
100 ml. plasma, and were uniformly greater than 


three standard ceviations from the mean for nor- 
mal, non-pregnant women (whole blood copper, 
100 + 11 yg. per 100 ml.; plasma copper 116 + 
16 pg. per 100 ml.). 

RBC copper determinations were made in 11 
of the 30 subjects. The mean for the group was 
130 pg. per 100 ml. RBC and was not significantly 
different from the mean of 122 yg. per 100 ml. de- 
termined in 12 normal, non-pregnant women. 
Ten of the 11 determinations were within the nor- 
mal range. The single abnormal value of 190 pg. 
per 100 ml. was found in a woman whose plasma 


iron anu complete blood count were within normal 
limits. 


The ratio of RBC copper to plasma copper for 
the group as a whole was 0.58 or approximately 
one-half that in non-pregnant women (1.05). The 
data indicate that the increase in whole blood 
copper in pregnancy is due entirely to an increase 
in plasma copper. The copper content of the 
average corpuscle was essentially the same as in 
the normal (100 ppyg.). 

Plasma iron determinations were made in 30 
subjects and did not differ significantly from those 
in the normal, non-pregnant female (106 pg. per 
100 ml. plasma ). 

3. Infections. The results in patients with vari- 
ous infections are presented in Table I. The ill- 
nesses were subacute or chronic: 12 subjects had 


2.08 35 330 120 Yes 
1.77 40 206 75 Yes aay 
2.83 33 252 170 No 
0.69 12 291 168 No 
TABLE IIf 
Determinations made on 12 infants with anemia due to iron deficiency before and after therapy * : 
cent 
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TABLE IV 


Results of 


determinations in miscellaneous clinical conditions 


VPRC Whole blood copper 
No. Mean No. 
subjects (range) 
we./100 ml. 


Mean 
ml ./100 mil. 


Condition 


Plasma copper 


subjects 


RBC copper Plasma iron 
No. Mean 
subjects (range) 
ue./100 ml. 


No. 
subjects 


Mean 
(range) 
ue. /100 ml. 


Mean 
(range) 
ue./100 ml. 


Normal 48% 63 98 63 
(69-117) 


130 
(97-160) 


Aplastic anemia 28 


108 
(93-130) 


Hyperthyroidism 46 


105 
(90-117) 


Hypothyroidism 37 


107 
(70-130) 


Collagen disease 31 


Polycythemia 60 i 100 
vera (93-107) 


Nephrosis 44 7 70 
(53-80) 


Hepatolenticular 42 79 
degeneration (78-80) 


109 31 115 
(68-143) (84-159) 


152 86 203 
(119-180) (69-111) (103-272) 


70 124 
(51-92) (62-208) 


27 115 
(56-242) 


140 
(108-160) 


126 103 
(108-149) (81-134) 


123 on 72 
(78-141) (40-96) 


83 
(58-113) 


119 84’ 141 
(96-154) (47-146) (44-202) 
80 119 62 
(60-96) (30-97) 
55 110 
(40-68) (91-130) 


64 
(56-75) 


VPRC signifies volume of packed red cells. 


tuberculosis in its various clinical forms, nine had 
rheumatic fever or rheumatoid arthritis, five had 
empyema, and the remainder had bacterial endo- 
carditis, pneumonia, bronchiectasis, typhoid fever 
or pyogenic skin abscesses. The children in this 
series, nine girls and five boys, ranged from 2 to 
15 years of age, and the adults, six women and 18 
men, were 15 to 74 years of age. 

Whole blood copper determinations were made 
on 14 children and 23 adults. The mean for the 
former (160 yg. per 100 ml. blood) was signifi- 
cantly higher than that for the latter (130 yg. per 
100 ml.). The mean for the entire group was 141 
pg. per 100 ml. Only in 22 per cent of the cases 
(seven adults and one child) was there no signifi- 
cant hypercupremia. All seven adults had chronic 
pulmonary disease, four with empyema. The child 
was convalescing from acute rheumatic fever. 

Plasma copper determinations were made on 14 
children and 24 adults. Again the mean for the 
former (183 pg. per 100 ml. plasma) was signifi- 
cantly higher than that for the latter (157 yg. per 
100 ml.). The mean for the group was 167 yg. 
per 100 ml. Twenty-seven of the 38 patients, or 
71 per cent, exhibited hypercupremia. In 10 the 
values were within the normal range, while in one 


adult the low value of 74 yg. per 100 ml. was ob- 
served. The ten with normal values included two 
children convalescing from rheumatic fever and 
eight adults with chronic pulmonary disease, four 
of whom had empyema. 

RBC copper determinations were made on six 
children and 12 adults. The mean for the group 
(116 pg. per 100 ml. RBC) was essentially the 
same as for the normal. The individual values 
were within the normal range in all of the children 
and in eight of the adults (78 per cent of the whole 
group). In two adults low and in two high values 
for RBC copper were found. 

In general, then, infections tended to produce 
an elevation in whole blood and plasma copper, 
while the RBC copper content remained un- 
changed. In certain patients, however, significant 
deviations from the usual reaction were observed. 
Thus, in four adults with empyema, normal whole 
blood and plasma copper values were observed. 
In one of these the RBC copper was low. No cor- 
relation was apparent between the RBC or plasma 
copper values and the age of the patient, the dura- 
tion of the illness, or the presence or absence of 
anemia. 

The ratio of RBC copper to plasma copper for 
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the entire group was markedly reduced (0.69). 
The mean corpuscular copper was the same as for 
the normal (100 pypg.). Thus the increase in 
whole blood copper in infection is due entirely to 
an increase in plasma copper. 

Plasma iron determinations were carried out 
in 14 children and 23 adults. While in three chil- 
dren and one adult the values ranged from 92 to 
172 pg. per 100 ml. plasma and were thus within 
normal limits, the mean value for the entire group 
was low (57 yg. per 100 ml.), thus confirming pre- 
vious reports from this laboratory (15). 

In order to determine whether patients with 
chronic infections and hypercupremia are capable 
of removing copper from the plasma at the nor- 
mal rate, a patient with chronic tuberculosis was 
given 100 mg. of “Cupralene” (19.93 mg. of cop- 
per) intravenously and the subsequent changes in 
the plasma and red cell copper level were measured, 
The results are presented in Figure 1 and are com- 
pared with the mean values in four normal hu- 
man subjects given the same amount of organic 
copper compound. 

In the normal individuals the plasma copper 
level increased within 10 minutes to between 545 
and 740 pg. per 100 ml. plasma, thereafter declin- 
ing rapidly to reach approximately the initial values 
in four hours. A similar disappearance rate was 
observed in the patient with chronic pulmonary 
tuberculosis. 

4. Acute leukemia. Whole blood copper deter- 
minations were carried out in 12 children and in 
seven adults and were above the limits established 
for the normal in 16 (84 per cent). Similarly, 
plasma copper values were elevated in 19 (90 
per cent) of the 14 children and seven adults stud- 
ied. In fact, the only normal values (one child 
with normal whole blood copper and two adults 
with normal whole blood and plasma copper) were 
observed in patients who had received blood trans- 
fusions a few days before the determinations were 
made. Extreme hypercupremia, e.g., values above 
300 pg. per 100 ml., were observed in five patients 
(24 per cent). 

Determinations on both adults and children with 
acute leukemia in relapse are included in the mean 
values in Table I. In the children the values for 
whole blood and plasma copper (221 and 265 pg. 
per 100 ml., respectively) were significantly 


Normal Human Chranic Palmonary 
Subjects Taberculosis 


Ag Per cent 


4 


= 2 3 
Time (hours) 


3 
Time (hours) 


Fic. 1. ALTERATIONS IN PLASMA AND Rep Bioop CELL 
Copper IN A PATIENT WITH A ‘CHRONIC INFECTION AS 
CoMPARED WITH NorMAL HuMAN Susyects (MEAN OF 
Four INDIVIDUALS) FOLLOWING THE INTRAVENOUS AbD- 
MINISTRATION OF 100 MG. OF “CUPRALENE” 


higher than in the adults (150 and 179 yg. per 
100 ml., respectively ). 

RBC copper determinations were made in four 
children and one adult, all but one (58 pg. per 100 
ml.) were within normal limits. 

As in pregnancy and infections, the ratio of 
RBC copper to plasma copper in acute leukemia 
was markedly reduced (0.42), while the amount 
of copper in the average red corpuscle was essen- 
tially unaltered (88 ppyg.). 

The mean values for plasma iron in six adults 
(133 pg. per 100 ml.) as well as in the 11 children 
(192 pg. per 100 ml.) were above the normal of 
115 pg. per 100 ml. The hyperferremia was in 
most instances slight in degree. Only in five (29 
per cent) of the 17 patients studied were the plasma 
iron values in excess of the normal limits. 

A favorable response to the administration of 
corticotrophin (ACTH) in a patient with acute 
leukemia was accompanied by a decrease in blood 
copper values, as shown in Figure 2, and relapse 
was associated with a return to the previously high 
A similar result was obtained in a 
In two other patients 


copper levels. 
second patient (Table II). 
with acute leukemia a decrease in plasma copper 
occurred even though there was no demonstrable 
clinical improvement. 

5. Chronic leukemia and lymphosarcoma, Ten 
patients with chronic myelocytic leukemia, eight 
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The hypercupremia was temporarily abolished in re- 

sponse to corticotrophin (ACTH) therapy but returned 
as clinical relapse occurred. 

Pl. Cu, plasma copper; WB Cu, whole blood copper ; 

VPRC, volume of packed red cells; Retics, reticulocytes. 


with chronic lymphocytic leukemia and four with 
lymphosarcoma are included under the heading of 
“chronic leukemia” in Table I. All determinations 
were made prior to treatment with X-ray, nitro- 
gen mustard, or urethane. While the mean values 
for whole blood (119 yg. per 100 ml.) and plasma 
copper (148 pg. per 100 ml.) were higher than in 
the normal, in 12 patients (57 per cent) the whole 
blood copper values were within the normal limits 
and in ten (45 per cent) the plasma copper levels 
were normal. Only in one patient, a case of chronic 
myelocytic leukemia, was there a slightly lowered 
value for whole blood copper. 

RBC copper determinations were made in 12 
patients and were found to be normal in seven, 
high in one and low in four. The mean value for 
RBC copper was not significantly different from 
the normal. 

Again it may be seen that, as in the other con- 
ditions studied, the amount of copper in the average 
corpuscle was not significantly altered (88 pypg.) 
in chronic leukemia and the hypercupremia was 
the result of an increase in plasma copper. 

Plasma iron determinations were made in 21 
patients and were within normal limits in all but 
one patient. The plasma iron in this patient with 
chronic lymphocytic leukemia was 282 png. per 100 
ml. 


6. Hodgkin's disease. Fourteen patients with 
Hodgkin’s disease were studied. Whole blood 
and plasma copper values were significantly higher 
and plasma iron values were significantly lower 
than in the normal. Three boys, ages 11, 12, and 
12 years, respectively, are included in the group. 

Whole blood copper values were elevated in 
eight of the 14 patients, and plasma copper was ele- 
vated in nine. The highest values for whole blood 
(230 and 256 pg. per 100 ml.) and plasma copper 
(282 and 297 yg. per 100 ml.) were found in two 
of the three boys studied, in both of whom there 
was widespread visceral involvement. 

RBC copper determinations were made on 
eight patients and all were within normal limits. 

Plasma iron determinations were carried out on 
13 patients. The mean for the group (78 pg. per 
100 ml.) was significantly lower than normal. 

The ratio of cell copper to plasma copper, and 
the mean corpuscular copper were 0.64 and 95 
pepg., respectively. 

7. Hemochromatosis. Blood specimens from 
patients with hemochromatosis were kindly fur- 
nished us by Dr. F. Gardner, Boston, and by Dr. 
Ian Wood, Melbourne, Australia. Eleven were 
sent by the latter and make up a part of the ma- 
terial studied by Althausen and his associates (35). 
From the data in Table I it may be seen that both 
the plasma copper and the plasma iron values were 
significantly above the normal. In four (29 per 
cent) of the 14 patients the values for plasma cop- 
per were distinctly elevated, ranging from 143 to 
187 pg. per 100 ml., and in an additional three 
(21 per cent) the values were at the upper limits of 
normal. In 12 (86 per cent) of the 14 patients the 
plasma iron values were distinctly elevated, rang- 
ing from 202 to 318 yg. per 100 ml. The three 
whole blood copper determinations that could be 
done were within normal limits and were accom- 
panied by normal values for plasma copper. 

&. Pernicious anemia, In patients with per- 
nicious anemia in relapse (Table 1) a slight in- 
crease in the average whole blood and plasma cop- 
per was noted for the entire group but in 50 per 
cent the whole blood copper was normal and in 
45 per cent the plasma copper was normal. In two 
patients both the whole blood and plasma copper 
were low. While the copper concentration of 100 
ml. of macrocytes in the two patients studied was 
within normal limits, the copper content of the 
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average single cell was 126 ppyg., that is, about 
25 per cent greater than in the normal cell. 

Plasma iron determinations were within normal 
limits in five (56 per cent) of the nine patients 
studied, and elevated in the remainder. The mean 
value of 173 yg. per 100 ml. was significantly higher 
than normal. 

Blood copper and iron determinations were 
made on several patients during therapy. The 
characteristic hypoferremia which develops during 
the period of rapid blood regeneration in re- 
sponse to therapy (31) was observed, but the 
changes in whole blood and plasma copper were in- 
significant. 

9. Iron deficiency anemia. The results in pa- 
tients with anemia due to iron deficiency are 
shown in Table { and include determinations in 
nine adults and in 26 infants, the latter ranging 
in age from seven to 24 months. 

Whole blood copper determinations were nor- 
mal or elevated in both groups. In the majority 
(67 per cent) of the adults the values were within 
normal limits, while in the majority (83 per cent) 
of the infants, they were high. Essentially the 
same was true of the plasma copper determina- 


tions ; that is, in 67 per cent of the adults the values 
were within the normal limits, while in 69 per cent 


of the infants the values were high. It is worth 
emphasizing that in no instance, either in adults 
or infants, was hypocupremia noted. The lowest 
whole blood copper in the adults was 93 yg. per 
100 ml. and in the infants 101 yg. per 100 ml.; the 
lowest plasma copper in the adults was 102 yg. per 
100 ml., and in the infants 117 pg. per 100 ml. 

RBC copper determinations were within normal 
limits in all three adults and in nine (64 per cent) 
of the 14 infants so examined. In the five remain- 
ing infants (36 per cent) the RBC copper was 
elevated. 

Thus, in adults with iron deficiency anemia, 
blood copper values were normal or slightly ele- 
vated and the ratio of cell copper to plasma copper 
was only very slightly reduced. The average cop- 
per content of the microcytes (73 ppyg. per cell) 
was reduced in proportion to the reduction in cell 
size (the average mean corpuscular volume was 
67 cu) so that the corpuscular copper concen- 
tration was normal in the microcytes. In the in- 
fants, however, the plasma and RBC copper values 
were usually elevated. The average copper con- 
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tent of the microcytes (91 puyg. per cell) was not 
reduced, as in the adults, in proportion to the re- 
duction in cell size (the average mean corpuscular 
volume was 59 cu.z). From these data it is evi- 
dent that in the microcytes of iron deficiency ane- 
mia in infants the concentration of copper is in- 
creased. 

The plasma iron determinations were character- 
istically quite low in all the patients studied. 

The results of studies in 12 infants with iron 
deficiency anemia before and after therapy are 
shown in Table III. An average interval of 33 
days, with a range of 17 to 62 days, separated the 
two sets of determinations. In this period of time, 
a slight decrease in plasma and RBC copper oc- 
curred in association with therapy and was ac- 
companied by an increase in plasma iron, decrease 
in iron-binding capacity of the plasma, and con- 
sequent increase in the per cent saturation of the 
iron-binding protein. That restoration to normal 
values for plasma and RBC copper would have 
occurred as more time elapsed and as other blood 
values returned to normal is suggested by data on 
five of the infants studied. In these five there was 
an average interval of 42 days between the de- 
terminations. The RBC copper decreased from 
142 to 108 pg. per 100 ml., while the plasma copper 
remained slightly elevated. The volume of packed 
red cells increased from 27 to 40 ml. per 100 ml. in 
the same interval of time. 

10. Observations in a variety of clinical condt- 
tions other than those already discussed are pre- 
sented in Table IV. While the groups consisted 
of relatively small numbers of patients, certain 
results are worthy of comment. 

The hypercupremia described in patients with 
aplastic or primary refrectory anemia (5, 16) ap- 
pears to be due entirely to an increase in plasma 
copper since RBC copper was not found to be 
altered significantly. 

The patients with hyperthyrotdism had received 
no therapy or had been inadequately treated at the 
time the determinations were made. The finding 
of elevated plasma copper in four (57 per cent) of 
the patients confirms the observations of other 
investigators, and the disproportionate increase in 
plasma copper in comparison with whole blood 
copper substantiates the finding of low RBC cop- 
per (mean of 70 yg. per 100 ml.) in four patients. 

Except for the finding of elevated plasma cop- 
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per levels in two patients with untreated or in- 
adequately treated hypothyroidism, the blood cop- 
per values were normal in patients with this dis- 
ease. All the plasma iron values were within the 
normal range but were at the lower limits of 
normal. 

No clear correlation between plasma copper 
levels and the basal metabolic rate could be made 
out in our cases. It should be pointed out, how- 
ever, that the total number of cases of hyper- and 
hypothyroidism studied was small. 

In the series of patients representing the so- 
called collagen diseases, whole blood copper was 
high and plasma copper normal in the one patient 
with dermatomyositis, and the copper values were 
normal in the one case of periarteritis nodosa. The 
plasma iron values were normal to low. 

In polycythemia vera, the results were within 
normal limits, except for an elevated plasma cop- 
per in one patient and reduced values for RBC 
copper in two. In three children with “lipoid” 
nephrosis low whole blood and plasma copper 
values were found. 

In three patients with hepatolenticular degener- 
ation (Wilson's disease) the plasma copper level 
was consistently low. Red cell copper determina- 
tions were performed on two of the patients and 
the values were normal in both. 


DISCUSSION 


With few exceptions, the values for whole blood 
and plasma copper in pregnancy and in various 
pathologic conditions in this study are in agree- 
ment with those of the majority of other investi- 
gators, and consist, in brief, of normal to elevated 
values in these conditions. Significant hypocu- 
premia was observed only in “lipoid’”’ nephrosis 
and in hepatolenticular degeneration (Wilson’s 
This is of interest in view of the re- 
ported increase in urinary excretion of copper in 
patients with these two diseases (36, 37). 

The recorded observations on blood copper in 
various clinical conditions indicate that RBC cop- 
per remains remarkably constant, the hypercupre- 
mia being entirely the result of an increase in the 
copper content of the plasma. To illustrate these 
relationships, determinations made on 37  sub- 
jects, selected at random from the adult normal and 
pathologic material, have been plotted, as shown 
in Figure 3. While the correlation between plasma 
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The correlation coefficients were + 0.84 and + 0.33, 
respectively. 


and RBC copper is poor, that between plasma and 
whole blood copper is very good, substantiating the 
observations of Munch-Petersen (26). 

Significant alterations from the normal in red 
cell copper were consistently observed only in per- 
nicious anemia, iron deficiency anemia in infants, 
and in patients with hyperthyroidism. Although 
the amount of copper in a hundred milliliters of 
packed cells obtained from patients with pernicious 
anemia was not altered from the normal, the 
amount of copper per cell was increased since 
fewer red corpuscles were contained in a hundred 
milliliters than would be present if the red cells 
were normal in size. Thus, the mean corpuscular 
copper increased from the normal of 100 ppyg. 
to 126 pyyg., while the concentration of copper in 
the cell remained normal. On the other hand, in 
the infants with microcytic hypochromic anemia, 
although the cell size was decreased, the amount 
of copper per cell remained at the normal level 
with the result that the concentration of copper 
within the cell was increased. In the adults with 
iron deficiency anemia, the amount of copper per 
cell was reduced in proportion to the reduction in 
cell size so that the corpuscular copper concen- 
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tration was normal in the microcytes. In five pa- 
tients with hyperthyroidism, low values for cell 
copper were found. 

Our observations on the copper content of the 
erythrocytes in various clinical conditions are in 
some instances at variance with the observations 
of Heilmeyer, Keiderling, and Stiiwe (5) and 
with preliminary studies from this laboratory (38). 
The most likely explanation for this discrepancy 
would seem to be that RBC copper values have 
been calculated heretofore, whereas they were ac- 
tually determined on washed erythrocytes in the 
present study. 

In view of the remarkable morphological and 
chemical similarities between the anemia of copper 
deficiency and that of iron deficiency in swine (39, 


40) and in the light of the reports that occasionally | 


an infant with iron deficiency anemia responds only 
to therapy with iron plus copper (34), it is worth 
emphasizing that none of the infants with micro- 
cytic hypochromic anemia in this study exhibited 
hypocupremia, despite the fact that several had 
subsisted entirely on a milk diet for months. 

The results of the studies on plasma iron are 
consistent with those previously reported from 
this laboratory (16), except that the values in acute 
leukemia were high and a few normal values were 
found in patients with infection where hypofer- 
remia is characteristic. We have not found re- 
ports of determinations of iron and the iron-bind- 
ing capacity of the plasma in infants with iron 
deficiency anemia. Our results suggest that the 
alterations are the same as in adults. The signifi- 
cance of changes in plasma iron in various clinical 
conditions has been discussed elsewhere (16). 

From these studies it is evident that the copper 
within the red cells fluctuates very little in dis- 
case and represents a much more stable fraction 
This suggests that the 
copper is an essential constituent of the red cell 
although its functional significance is not at all 


than does plasma copper. 


understood. On the other hand, an increase in 
plasma copper occurs in a variety of circumstances 


and is, therefore, a rather non-specific change. Hy- 


percupremia occurs in acute infections and in many 


other conditions unaccompanied by any obvious 
alteration in erythropoiesis. 
pers in this series studies will be presented which 
deal 
level with various protein fractions (25), the 


In subsequent pa- 


with the correlation of the serum) copper 
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transportation mechanism for copper in plasma 
(41), and various factors which influence the 
plasma copper level in experimental animals (42). 


SUMMARY 


1. The results of measurements of whole blood, 
plasma and red cell (RBC) copper, as well as 
plasma iron determinations in pregnancy and in 
a variety of pathological states, are presented, 

Za. In 30 pregnant subjects whole blood copper 
ranged from 130 to 277 pg. per 100 ml. blood 
while plasma copper ranged from 150 to 285 yg. 
per 100 ml. plasma. These values are signifi- 
cantly higher than normal, RBC copper was nor- 
mal, as was the plasma iron, 

2b. In the majerity of patients with various 
subacute or chronic infections, both whole blood 
and plasma copper values were greater than nor- 
mal. RBC copper was usually normal. As com- 
pared with the normal, no difference in the rate 
of removal of copper from the plasma was ob- 
served in a patient with infection. 

2c. Hypercupremia, due to an increase in plasma 
copper, was also observed in acute leukemia, Hodg- 
kin’s disease, hemochromatosis, aplastic or pri- 
inary refractory anemia, hyperthyroidism and, less 
consistently, in chronic leukemia, lymphosarcoma, 
pernicious anemia, iron deficiency anemia, hypo- 
thyroidism, and collagen disorders. 

2d. Normal values were observed in’ polycy 
themia vera. 

Ze. Hypocupremia was found only in “lipoid” 
nephrosis and in hepatolenticular degeneration and 
is probably related to the increased urinary excre- 
tion of copper in these conditions. 

3. Significantly low RBC copper values were 
observed only in cases of hyperthyroidism.  Sig- 
nificantly high values were obtained only in in- 
The 
corpuscular copper was within normal limits (100 


fants with iron deficiency anemia. mean 
pppg.) in all instances except in pernicious ane- 
mia where increased values (125 pppg.) were 
observed. 

4. There was no correlation between the oc- 
currence of hypercupremia and cither hyperfer- 
remia or hypoferremia. 

5. Changes in blood copper in children were 
similar to but often more striking than those ov 


curring in adults. This was observed particu 
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larly in children with infections, acute leukemia, 12. Sarata, U., Studies in the biochemistry of copper. 


Hodgkin's disease and iron deficiency anemia. 

6. In leukemia the administration of adreno- 
corticotrophic hormone (ACTH) was associated 
with a decrease in plasma copper values, whether 
or not a clinical remission was induced by such 


therapy. 
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Dextran, a macromolecular plasma volume ex- 
Since that time, 
many clinical reports have appeared in the Scan- 
dinavian and English literature. In 1942 the Blood 
Substitute Committee of the National Research 
Council listed 11 requirements for a satisfactory 


pander, was first used in 1943. 


plasma volume extender. These are: maintenance 
of satisfactory colloid osmotic pressure, constant 
composition, suitable viscosity, stability with tem- 
perature change, stability in storage, ease of sterili- 
zation, freedom from pyrogens, absence of immedi- 
ate adverse effects, absence of immediate or de- 
layed organic derangement, absence of antigenicity, 
and reasonable price (1). Dextran seems to fulfill 
all of these requirements except for the possible 
possession of antigenic properties. In addition, 
it has been suggested that a satisfactory extender 
should remain in the circulatory system, maintain 
increased plasma volume, and keep blood circula- 
tory levels up to 50 per cent of the amount in- 
fused for at least 12 hours (1). Although it is of 
paramount importance that effects of any plasma 
volume expander upon plasma volume and plasma 
protein restitution be investigated, there has been 
a paucity of such reports in the literature. 


METHODS 


The experimental procedure was divided into two parts. 
In the first part, after control studies were performed, one 
liter of 6 per cent dextran? in saline was administered 


1 Sponsored by the Veterans Administration and pub- 
lished with the approval of the Chief Medical Director. 
The statements and conclusions published by the authors 
are the result of their own study and do not necessarily 
reflect the opinion or policy of the Veterans Administration. 
2 Clinical dextran, lot No. 84667A, Commercial Sol- 


vents Corporation, was administered to six patients. Four 
patients received clinical dextran prepared at the North- 
ern Regional Research Laboratory, Peoria, Illinois from 
Strain NRRL-B-742. Since the effects of these two 
forms of dextran did not differ significantly, they have 
been considered collectively in the tabulation of results. 

All of the subjects who were bled received clinical dex- 


intravenously in 50 minutes to 10 male patients conva- 
lescent from various diseases. The patients had no evi- 
dence of cardiovascular or renal disease and varied in age 
from 19 to 37 years. The plasma volume was meas- 
ured one and six hours after the administration of dex- 
tran. The hematocrit, plasma protein concentration, 
plasma dextran concentration, and urinary dextran excre- 
tion were measured at 1, 6, and 24 hours. 

The second part of the ex>eriment consisted of the 
investigation of the effects of dextran after hemorrhage. 
The subjects were eight healthy male physicians varying 
in age from 25 to 32 years. After the control studies 
were performed, one liter of blood was removed from the 
antecubital vein in 15 minutes. Immediately thereafter, 
one liter of 6 per cent dextran in saline was administered 
intravenously during a 40 minute period. The plasma 
volume was measured at 6 and 24 hours in all sub- 
jects, at 1 hour in five subjects and at 12 hours in three 
subjects. The hematocrit, plasma protein concentration 
and plasma dextran concentration were determined at 
1, 6, 24, and 48 hours in all subjects and at 12 hours in 
three subjects. The urinary dextran excretion was de- 
termined at 1, 6, and 24 hours in all subjects and at 12 
hours in three subjects. 

The plasma volume was measured by the T-1824 dye 
method as previously reported (2). Samples were drawn 
at five minute intervals from 10 to 35 minutes after dye 
administration. The red cell volume was calculated from 
the total blood volume and plasma volume. The total 
blood volume was calculated from the plasma volume 
and the hematocrit which was corrected for 4 per cent 
trapped plasma. Plasma protein concentration in the 
subjects who were bled was determined by the micro- 
Kjeldahl! method. In the other group plasma protein 
concentration was determined by the tyrosine method (3) 
and frequently checked by the micro-Kjeldahl method. 
Protein could not be determined by the biuret method 
since dextran is precipitated by copper in an alkaline 
medium. Dextran was determined by the method of 
Bloom and Wilcox (4). 


RESULTS 


The administration of dextran produced a very 
slight elevation of blood pressure in most sub- 
jects. There were no changes in pulse or temper- 


tran, lot No. 84667A, Commercial 
tion. 


Solvents Corpora- 
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EFFECT OF DEXTRAN ON PLASMA VOLUME 


TABLE I 
Effects of administration of 1 liter of dextran * 


Time in hours 


1 6 


24 


Increase in plasma volume (ml.) 
Decrease in hematocrit (%) 
Change in red cell volume (ml.) 
Decrease in plasma proteir concentration (°%) 
Change in total circulating protein (grams) 
Plasma dextran concentration (mg_ per 100 ml.) 
Total circulating dextran (grams) 

Cumulative urinary dextran excretion (grams) 
Dextran unaccounted for (grams) 


775 + 150 §34 +117 
124+ 2.1 86+ 2.1 53+ 2.6 
—-9 + 168 33 + 132 
25 27 53+ 47 
—2.1+ 10.6 69+ 13.6 
1072 + 94 684 + 75 416 + 36 

3944 25 2344 1.7 

1364 2.5 22.54 4.3 28.6+ 6.0 

704 3.9 4.9 


The removal of one liter of blood was not 
associated with any change in pulse and was as- 


ature. 


sociated with symptoms in only one subject. This , 


subject developed transient faintness, nausea, and 
tingling in the hands and feet. Following the com- 
pletion of the experiment, one subject developed 
headache, fever, anorexia, diarrhea, and_ spleno- 
megaly. The illness was of 10 days’ duration. Ex- 
tensive clinical and laboratory investigation failed 
to reveal a specific diagnosis. 

The effects of the administration of one liter of 
dextran to patients with a normal blood volume 
are given in Table I. The plasma volume increased 
775 ml. at one hour. 
534 ml. There was a corresponding decrease in 
plasma dextran concentration from 1,072 to 684 
mg. per 100 ml. during this time. The urinary 
dextran excretion was 22.6 per cent of the in- 
jected dose (60 grams) in one hour. An additional 
15 per cent was excreted from one to six hours. 


At six hours the increase was 


* All values are expressed as the mean and standard deviation. 


TABLE Il 
Effects of administration of 1 liter of dextran following removal of 1 liter of blood * 


There was no statistically significant change in 
the total circulating proteins and the red cell vol- 
ume. From the increase in plasma volume and 
from the values for total circulating dextran it was 
calculated that there was a retention of 21.2 ml. 
of water per gram of dextran. 

The effects of the administration of one liter of 
dextran following the removal of one liter of blood 
are given in Table I]. The increases in plasma vol- 
ume were determined using the plasma volume im- 
mediately after venesection as the baseline. The 
plasma volume immediately after venesection was 
calculated by subtracting the amount of plasma 
removed from the control plasma volume. The 
changes in plasma volume thereafter are illustrated 
graphically in Figure 1. There was an increase 
in plasma volume of approximately one liter in 
one hour. The plasma dextran concentration was 
1,160 mg. per 100 ml. in one hour and fell pro- 
gressively to 247 mg. per 100 ml. in 48 hours. 


Time in hours 


1 6 12 24 48 

Increase in plasma volume (ml.) 1,020 +115 820 +179 700 +197 860 + 269 
Decrease in hematocrit (°%) 209+ 2.6 166+ 2.1 162+ 3.4 169+ 3.1 19.7 + 2.7 
Change in red cell volume (ml.) —58 + 160 23) +173 12 + 65 28 +154 
Decrease in plasma protein 

concentration (%) 26.14 3.3 180+ 3.0 146+ 0.5 isha 24 114+ 3.0 
Protein added to circulation 

afte. bleeding (grams) 3.34 3.6 57+ 9.0 19.2+ 11.3 30.64 13.7 
Plasma dextran concentration 

(mg. per 100 ml.) 1,160 +117 726 + 91 644 + 47 431 + 62 247 +24 
Total circulating dextran 

(grams) 4154+ 1.8 24.94 2.0 198+ 2.2 1449+ 1.5 
Cumulative urinary dextran 

excretion (grams) 1559+ 2.0 276+ 3.0 33.34 1.8 3504 3.8 
Dextran unaccounted for 

(grams) 26+ 3.2 754 3.8 69+ 1.0 10.14 4.2 


* All values are expressed as the mean and standard deviation. 
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Total Increase in Plasma 


O----O Increase in Plasma Vol 
to Addition of Protein 


n Plasma Vol 
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Increase 


A 
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Time -hours 


Fic. 1. INCREASE IN PLASMA VOLUME FOLLOWING DEX- 
TRAN ADMINISTRATION "TO OLIGEMIC SUBJECTS 


The shaded area represents the increase in plasma due 
to the addition of protein to the circulation 


The urinary dextran excretion in one hour was 
An addi- 
tional 19.4 per cent was excreted from one to six 
The 
amount of dextran that could not be accounted for 


264 per cent of the injected amount. 
hours and 12.4 per cent in 6 to 24 hours. 


in the plasma and urine increased from 2.6 grams 
in one hour to 10.1 grams at 24 hours. This is 
noted graphically in Figure 2. The addition of 
plasma protein to the circulation increased from 
3.3 grams during the first hour after the dextran 
infusion to 30.6 grams at 24 hours. There was no 
significant change in red cell volume during the 
time of the experiment. 


60 — 


Dextran 


12 24 

Time hours 
Brotol Circutating Dextran Dur 
0 Dextran Unaccounted For 


nary Deatran Lacretion 


Fic. 2. Toran CrrcucatinGc Dextran, Urinary Dex- 
TRAN EXCRETION, AND DEXTRAN UNACCOUNTED FOR IN 
Supyects Were BLED 
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DISCUSSION 


From the results presented it is apparent that 
dextran is effective in increasing plasma volume in 
both the normovolemic subjects and in subjects 
who were bled. The plasma dextran concentration 
and the urinary excretion of dextran were similar 
in the two groups. 
been raised as to whether the normovolemic or the 
hypovolemic patient or animal should be used for 
the evaluation of plasma expanders (5). Some 
investigators believe that homeostatic mechanisms 
may correct a supernormal volume rapidly and that 
more of the infused material will be excreted in 
the urine (5,6). This was not borne out in our 
experiments. It is not intended to imply, how- 
ever, that the renal excretion of dextran would 


The important question has 


be similar in subjects with greater blood loss. 
During the various experimental periods, some 
of the administered dextran was unaccounted for 
by addition of the total circulating dextran and 
urinary dextran excretion (Figure 2). This ex- 
periment provides no specific information as to the 
fate of this portion. It is assumed that a consider- 
able fraction of the dextran which is unaccounted 
for is present extravascularly during the early part 
of the experiment and that some may be metabo- 
lized, 
dextran appears rapidly in lymph (7). 
ments utilizing C'* tagged dextran showed that 


It has been previously demonstrated that 
Experi- 


over 90 per cent of a dose of dextran was elimi- 
nated in 10 days. Sixty-four per cent appeared 
in the urine and 26 per cent in the expired air as 
carbon dioxide (8). The excretion of dextran as 
carbon dioxide began almost immediately and 
reached a peak on the second to third day. There 
is also evidence that dextran is metabolized to 
glucose (9). 

Following hemorrhage the administration of 
dextran was associated with an increase in plasma 
volume, which was sustained for 24 hours. The 
increase at 24 hours was 860 ml. This is in con- 
trast to the normovolemic subjects in whom the in- 
crease in plasma volume was only 534 ml. at six 
hours. A further decrease in plasma volume of this 
group occurred at 24 hours as evidenced by the 
hematocrit. The the two 
groups is not related to the amount of circulating 
dextran but rather to the addition of significant 
amounts of protein to the circulation in the bled 
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EFFECT OF DEXTRAN 


of 
as 
in 
At 1, 6, and 24 hours there were 3.3, 
15.7, and 30.6 grams of plasma protein, respec- 
tively, added to the circulation of subjects who 
were bled. This is comparable to the values re- 
ported by Ebert, Stead, and Gibson (10) in a 
bleeding experiment in which no plasma volume 
expander was administered. It is therefore ap- 
parent that dextran has no inhibitory effect on the 
innate ability of an oligemic subject to add pro- 
tein to the circulation and to restore the blood vol- 
ume to normal. 


subjects. Hemodilution due to such addition 
protein becomes progressively more important 
is graphically illustrated by the shaded area 
Figure 1. 


It has been suggested by Rosenqvist and Thor- 
sen (11) that dextran lowers the concentration of 
plasma proteins by dilution and also by supplant- 
ing plasma proteins, particularly albumin. If it 
were true that dextran inhibited the addition of 
protein to the circulation, then the plasma vol- 
ume in the oligemic subjects would have declined 
rapidly. The rapid urinary excretion of dextran, 
unassociated with the natural process of hemo- 
dilution, would not have permitted a sustained 
increase in plasma volume. Our studies do not 
confirm the observations of Rosenqvist and Thor- 
sen, 

Kinard and Bloom (6) and Bohmansson and his 
coworkers (12) have suggested that the adminis- 
tration of dextran will cause the addition of red 
blood cells to the active circulation. Our data in- 
dicate that there was no appreciable early ad- 
dition of red cells to the circulation in response to 
dextran nor in response to hemorrhage followed 
by the administration of dextran. The greater de- 
crease in protein concentration as compared to 
the hematocrit is to be expected since the per 
cent increase in plasma volume is greater than the 
per cent increase in the total blood volume. The 
apparent discrepancy in change of the protein con- 
centration and the hematocrit should not be con- 
strued as indicating the addition of red cells to the 
circulation, 

The total circulating dextran at 12 hours was 
33 per cent of the amount injected. This does not 
satisfy the proposed requirement that the circu- 
latory level should be maintained at 50 per cent 
for 12 hours (1). It is noteworthy, however, that 
despite the decrease in plasma dextran concen- 
tration, the plasma volume remained relatively 
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stable. Dextran has a colloid osmotic pressure 
approximately that of plasma. Hence, a better 
criterion for adequate retention of dextran in the 
plasma would be a degree of retention sufficient 
to insure that the sum of the circulating dextran 
and the protein added to the circulation remains rel- 
atively constant at a value sufficient to sustain a 
In these 
experiments this sum was 45, 41, 39, and 46 grams 
at 1, 6, 12 and 24 hours, respectively. Bull and 
associates (13) have indicated this in another 
manner by stating that “the main function of the 


satisfactory increase in plasma volume. 


substitute would clearly be to restore circulating 
blood volume until the patient’s own plasma pro- 
tein returned to the circulation.” Since dextran 
fulfills this criterion, it must be considered as a 
satisfactory plasma volume expander. 


SUMMARY 


Dextran was administered to subjects with a 
normal blood volume and to subjects with oligemia 
induced by the rapid removal of one liter of blood. 
The effect of dextran in expanding the plasma 
volume was more prolonged in those subjects who 
were bled. This is accounted for by the addition 
of plasma protein to the circulation, The impor- 
tance of the restitution of plasma proteins in the 
evaluation of any plasma volume expander is 


discussed. 
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Acute glomerulonephritis and acute rheumatic 
fever are considered to be non-suppurative com- 
plications of group A streptococcal infections. The 
mechanism of production of these two sequelae has 
not been clearly defined nor has the exact relation- 
ship of group A streptococcal infections to glo- 
merulonephritis been thoroughly elucidated. It is 
the purpose of this report to indicate the variability 
of the occurrence of glomerulonephritis and to 
present data which may explain the cause of this 
variation. 


EPIDEMIC NEPHRITIS 


One of the peculiar epidemiological characteris- 
tics of acute glomerulonephritis has been the vari- 
ability in its occurrence. Although generally con- 
sidered to be a sporadic disease, occasionally an 
unusually high incidence of acute nephritis has 
been recorded both in wide-spread epidemics and 
in focal outbreaks in small population units. 

Considering first the larger epidemics, Wahrer 
(1) observed 35 patients with acute hemorrhagic 
nephritis developing in a group of 195 patients 
with scarlet fever. This high attack rate following 
scarlet fever was unusual in Wahrer’s experience. 
During World War I, beginning about February, 
1915, a large epidemic of nephritis (termed trench 
nephritis) occurred among Allied and German 
troops (2). In a five month period there were 
more than 1,000 cases reported among British 
troops alone. Although etiological studies were 
meager, hemolytic streptococci were isolated from 
the oropharynx of some patients (3) and the clini- 


1 This investigation was supported by the Helen Hay 
Whitney Foundation, and in part by the Commissions on 
Acute Respiratory Diseases and Streptococcal Diseases, 
Armed Forces Epidemiological Board through the Offices 
of The Surgeons General, Departments of the Army and 
Air Force, Washington, D. C. 

2 Presented in part before the Association of American 
Physicians, Atlantic City, May, 1952. 

3 Fellow of the Youngstown Heart Association, 1952. 


cal and pathological features were similar to those 
observed in the nephritis which follows scarlet 
fever (4). 

In 1926 Peace (5) observed & patients, each of 
whom developed nephritis 12 to 14 days after an 
attack of acute tonsillitis. These patients lived in 
the same neighborhood within 50 yards of each 
other. An epidemic of 17 cases of acute nephritis 
occurred during a three month period in a mental 
hospital in England (6). During the preceding 
five years only 1 case of nephritis had been recog- 
nized among an average census of 624 patients. 

In 1945, 38 patients suffering from acute nephri- 
tis were admitted to a clinic in Amsterdam, whereas 
the average yearly admissions during the preced- 
ing 14 years was seven (7). About the same 
time other epidemics were noted in Holland, Eng- 
land, and Italy. Klein (8) studied 39 cases of 
nephritis in the period from May through De- 
cember, 1945; 38 of these patients were seen in a 
hospital in Groningen. In this group there were 
six women who were admitted from a_ political 
camp during a six week period. In England from 
1945 to late 1946, 159 cases of nephritis were ad- 
mitted to the Greenock Royal Infirmary (9)—a 
notable increase over former years. Local physi- 
cians estimated that there were about five mild 
cases in the home for each case admitted to the 
hospital. During the two year period, there were 
2 patients from each of two households, and 3 pa- 
tients from a third household. From five streets 
there were 5 to 10 patients each. At the time of 
admission to the hospital, beta-hemolytic strepto- 
cocci were isolated from the throats of 50 patients. 
At about the same time Brod (10) reported the 
occurrence of a relatively large number of cases 
of nephritis in Italy. 

Pratas (11) recorded two small epidemics, one 
of 10 cases in 1942, and another of 14 cases in 
1943. Cascalea, Arias, and Parada (12) observed 
an epidemic of 23 cases among military person- 
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nel in Argentina. Sixteen of the patients came 
from one infantry regiment and 7 from another 
regiment. In all of these patients the illnesses be- 
gan at about the same time. 

In addition to these larger epidemics, a num- 
ber of outbreaks within family units has been de- 
scribed. Addis (13), in his extensive experience, 
has observed five families in which three or more 
members were involved and two families where 
there were two members with nephritis. Klein (8) 
observed 2 cases in each of three families. Pratas 
(11) recorded 3 cases of nephritis in siblings. 
During the course of an epidemic of nephritis, 
Fleming (9) saw one household with 3 cases, and 
two houshelds with 2 cases of nephritis. In Oc- 
tober, 1918, Thomson and MaCauley (14) ob- 
served four children with clinical signs of nephritis 
in a family of eight. Hill (15), in 1919, saw at 
least three families in which two or more children 
had nephritis at the same time following illnesses 
characterized by sore throat. Perhaps the most 
famous outbreak in a family group is that de- 
scribed by Ernstene and Robb (16). These 
authors described the occurrence of sore throats in 
8 of 10 siblings, and in six of these children signs 
and symptoms of nephritis developed 7 to 12 days 
after the onset of the infection. 

Schuricht (17), in 1933, described an out- 
break of scarlet fever involving seven of a family 
of 11 children. Of this group, three developed 
classical signs and symptoms of nephritis, and four 
others developed hematuria. Ellenberg and Martin 
(18) observed three siblings who developed acute 
nephritis at about the same time, Kinkoff, Stern, 
and Schumer (19) reported 3 cases of nephritis 
in the same family. Tudor (20) observed an acute 
respiratory disease in four siblings; two of these 
developed signs of nephritis, one exhibited hema- 
turia and the fourth was normal. Kilpatrick (21) 
observed three girls from the same family who were 
admitted to the hospital with acute nephritis in 
October, 1944. Gezon (22) studied one family 
in which the father developed recurrent rheu- 
matic fever and four of six children developed glo- 
merulonephritis within a period of two months. 
Spink (23) studied a family of seven persons, six 
of whom had scarlet fever. All six subsequently 
developed acute glomerulonephritis. | Nephritis 
developed in 5 and possibly 6 of 10 children ob- 
served by Martin (24) in Rochester. 


Eason, Smith, and Buchanan (25), in a discus- 
sion of the possible role of heredity in nephritis, de- 
scribed several outbreaks that were undoubtedly 
acute glomerulonephritis. Two brothers with 
acute nephritis were admitted to the hospital at 
about the same time. In another family, a father 
had recurrent nephritis, a son developed acute 
nephritis, and a daughter was found to have albu- 
minuria, A third family of seven lived in a house 
consisting of one room, kitchen, scullery and lava- 
tory. All three sons, ages 18, 19, and 20 years, 
were admitted to the hospital with acute nephritis 
within several weeks of each other. The urines 
of the father and of one daughter were examined, 
and the specimen from the daughter contained 
albumin. 


OCCURRENCE OF ACUTE GLOMERULONEPHRITIS 
FOLLOWING SCARLET FEVER 


It is generally accepted that glomerulonephritis 
occurring after scarlet fever has not been as com- 
mon during the past several decades as in former 
years. Modern textbooks (26-28) state that 
nephritis rarely follows an attack of scarlet fever, 
whereas Osler (29) in 1914 observed that the at- 
tack rate of nephritis was 10 to 25 per cent. 

McCrae (30) in 1913 remarked that nephritis 
followed scarlet fever in from 3 to 70 per cent of 
all cases. In a discussion of the frequency of post- 
scarlatinal nephritis, Elwyn (31) referred to the 
figures of other authors: Rolley, 7 per cent ; Weiss, 
9 per cent ; Heubener, 10 to 20 per cent; and Jack- 
man, 20 per cent. It would appear from these 
figures not only that glomerulonephritis was a 
fairly frequent complication of scarlet fever several 
decades ago, but also that the incidence of nephri- 
tis varied widely. 

A number of clinicians recognized the variability 
in the occurrence of nephritis in patients with scar- 
let fever. Barr (32) in 1887 stated that nephri- 
tis occurred more frequently in some epidemics of 
scarlet fever than in others, thus altering the belief 
of a direct influence of the scarlet fever poison 
on the renal cells. Smith (33) remarked in 1892 
that nephritis was a variable complication since 
West found albumin in the urine of only 4 per cent 
of patients with scarlet fever, whereas Atkinson 
observed some epidemics where albuminuria was 
noted in 70 per cent of patients. In 1909 Hunter 
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TABLE I 


Incidence of acute nephritis following scarlet fever 


Date Patients with 
of scarlet 


Author study fever 


Per cent 
developing 


nephritis Remarks 


1906 526 
1906 195 
1906 Unknown 
1907 

1911 


Royer (40) 
Wahrer (1) 
Benedict (41) 
Beatty (42) 
McCrae (43) 


Dublin (44) 

Fox and Gordon (45) 

Kinloch, Smith, and Taylor (46) 

Toomey and Dolch (47) 

Wylie (48) 

Gordon (49) 

Toomey and Dolch (50) 

Welford (51) 

Lichtenstein (52) 

Lucchesi and Bowman (53) 

Veldee, Stevenson, and 
Mitchell (54) 

Bradford (55) 

Benedict (41) 

Hogarth (56) 

Wesselhoeft and Smith (57) 

Peters and Havard (58) 

Sako, Dwan, and Platou (59) 

de Waal (60) 

Ulrich and Young (61) 

Fox and Hardgrove (62) 

Kodama and coworkers (63) 

Strém (64) 

French (65) 

Gibel and Litvak (66) 


1916 
1923 
1923 
1926 
1927 
1927 
1928 
1928 
1929 
1929 


1931 
1931 
1932 
1937 
1937 
1937 
1938 
1938 
1939 
1939 
1939 
1939 
1939 
1940 
1940 


Rascoff and Nussbaum (67) 


Includes cases of albuminuria with casts 
Hemorrhagic nephritis 


Five patients gave history of previous 
nephritis 


~ 


Definite nephritis 


Cm 


Blood casts which persisted 


Hemorrhagic nephritis 


Late albuminuria plus hematuria 


56 received antiserum 


SSSSONN 


134 received serum 
One-half not treated 


a 


(34) recorded that nephritis was a variable com- 
plication of scarlet fever. 

More recently a number of investigators have 
commented on the fact that post-scarlatinal nephri- 
tis is less common than past experience dictated. 
In 1927 Campbell (35) showed that the incidence 
of acute nephritis following scarlet fever was not 
as high as it was usually considered to be, and, 
in fact, was then less than 3 per cent. Rolleston 
(36), in 1930, commented on the use of antitoxin 
in the treatment of scarlet fever, and stated that 
the frequency of nephritis had so diminished in 
the years immediately preceding the introduction 
of antitoxin that he was unwilling to regard the 
treatment as being in any way responsible. Seegal, 
Seegal, and Lyttle (37), in 1935, remarked that 
scarlet fever played a relatively minor role in initi- 
ating attacks of nephritis. Murphy, Grill, and 
Moxon (38) concluded that scarlet fever can no 
longer be looked upon as the chief cause of glo- 
merulonephritis and Wesselhoeft (39), in 1941, 
stated that nephritis is actually an infrequent 
complication, 


Data showing the reported attack rates of glo- 
merulonephritis following scarlet fever are shown 
in Table I. Specific therapy was administered dur- 
ing the acute infection only where noted. 
ably all patients had routine urinalyses and were 
studied for approximately three weeks. 
teria for the diagnosis of nephritis in these studies 


Presum- 
The cri- 


varied considerably and in some instances were 
not recorded. For example, McCrae (43) in- 
cluded as cases of nephritis all patients with albu- 
min or casts in the urine, whereas if only those 
patients are included who had either physical signs 
of nephritis, or red cells, albumin and casts in the 
urine, 2.7 per cent rather than 12.5 per cent of pa- 
tients would have been so classified. In contrast, 
Wahrer (1) observed a group of 195 patients with 
scarlet fever, 35 of whom developed hemorrhagic 
nephritis. Thus even though standard criteria for 
diagnosis were not employed, it is apparent that 
there has been considerable variation in the at- 
tack rate of acute nephritis following scarlet fever. 

A more accurate estimation of the degree of vari- 
ation in the attack rate of nephritis following scar- 
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60 
275 = 
350 
2,332 
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533 i 
741 
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TABLE Il 


Variations in incidence of nephritis following scarlet fever 
observed in four hospitals 


Number of 
cases of 
Author Year scarlet fever 


Nephritis 


per cent 
1890 668 
1913 1,338 
1937 259 
1938 208 
1939 1,298 
1946 338 


1904 114 
1905 135 
1906 179 
1907 220 


1920 
1921 
1922 
1923 
1924 
1925 


1910-14 
1915-19 
1920-24 
1925-29 
1930-34 
1935-36 


Granrud (68) 


Hunter (34) 


SAND Woareurd 


Joe and Williamson 
(69) 


Peters and Cullum 
(70) 


~ 


| 


let fever might be obtained from reports from 
single hospital units. Such data are presented in 
Table II. Here variations as great as ten-fold 
exist in the attack rates. 


RELATIONSHIP OF NEPHRITIS TO SEROLOGICAL 
TYPE OF STREPTOCOCCUS 


The above review of the reported incidence of 
acute glomerulonephritis indicates that epidemics 
of the disease have occurred in the past and that 
multiple cases have been observed in families whose 
medical history indicated no predisposition to the 
In addition, the attack rate of nephritis 
has been shown to vary following scarlet fever. 

The cause for such variations in attack rates 
and for the epidemic occurrence of nephritis is not 
known. Some authors (71) have suggested that 
nutritional factors in the host may account for 
It would 


disease. 


variations in the incidence of nephritis. 


appear more logical, however, to postulate that 
differences in the infecting organism were respon- 
sible for variations in attack rates following scarlet 
Since it 


fever and for epidemics of the disease. 
is known that certain biological properties of 
group A streptococci appear to be correlated with 
the serological type of group A streptococcus (72), 
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the literature was reviewed in order to determine 
whether or not certain types of streptococci were 
associated with acute glomerulonephritis. 

Published data concerning the serological type 
of organism associated with late complications 
of streptococcal infections are difficult to interpret 
in most instances. In many studies (60, 73-86) 
the serological identification of group A strepto- 
cocci was performed by the agglutination (87) 
technique and in only a few (88-91) was the pre- 
cipitin method (92) employed. The former 
method of recognition of serological types is sub- 
ject to considerable difficulty and cross reactions 
are common, whereas the precipitin method is con- 
sidered to be more reliable (93). In addition to 
the technical variations in the identification of the 
streptococci, detailed bacteriological observations 
of the complications frequently have been omitted 
so that the relationship is not always clear of the 
type of streptococcus, isolated during the illness, 
to the attack of nephritis. 

Among the studies (60, 73-86) employing the 
agglutination technique for the identification of 
the serological type of streptococcus, the report of 
Ehinger (73) is of special interest. In this study 
the type of streptococcus obtained from patients 
with scarlet fever admitted to the hospital was 
correlated with various complications. In a group 
of 26 patients from whom type 31 streptococci were 
isolated, six or 23 per cent developed acute ne- 
phritis. Other types, including 1-7 and 11-13, 
were also isolated from patients with scarlet fever 
and only a few subsequently developed nephritis. 
In a group of 2,118 patients with scarlet fever, 
Kelsey and Scholes (74) observed 37 patients 
with nephritis. Type 2 streptococci were iso- 
lated from throat cultures taken either at the onset 
of scarlet fever or during the acute attack of ne- 
phritis. Type 2 was responsible for 65 per cent of 
the cases of scarlet fever in this study. Other 
authors (76, 79-81, 83) have isolated type 2 strep- 
tococci during the illness preceding the onset of 
nephritis. In 1912 there were three large epi- 
demics of septic sore throat in Boston, Baltimore 
and Chicago which were said to be followed by at- 
tacks of acute nephritis (94). It is of interest that 
a strain from the Boston and Chicago outbreak was 
classified recently as type 13 (85). No nephritis 
was observed following a large number of infec- 


tions due to types 17 (74,77) and 15 (75). Type 
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3 was rarely associated with nephritis (60, 73, 76, 
78, 81, 82). 

Results of studies using the precipitin method for 
type identification show that 317 type 17 infec- 
tions (89, 90) and 100 type 5 infections (91) were 
not followed by nephritis. McMillan (88) ob- 
served 7,800 patients with scarlet fever from whom 
types 17, 3, and 19 were commonly isolated and 
only 2 patients developed nephritis. The author 
does not state which type was associated with the 
nephritis. 

Recently 2,366 young adult males with exudative 
tonsillitis or pharyngitis caused by group A strep- 
tococci have been followed for at least three weeks 
after the onset of the acute infection. Other than 
codeine for pain, these patients received no specific 
therapy. There was only 1 patient, infected with 
type 12 streptococci, who developed nephritis, an 
attack rate of .04 per cent (Table III). 

The above observations again emphasize the 
variation in the attack rate of nephritis following 
streptococcal infections, and, in addition, suggest 
that some strains (types) may be more nephrito- 
genic than other strains. Since the occurrence of 
nephritogenic strains of streptococci would ex- 
plain the variations in the incidence of nephritis, a 


TABLE Ill 


Occurrence of nephritis in a group of 2,366 Group A 
streptococcal infections * 


Type Cases Nephritis 
NTt 212 0 
1 196 0 
3 12 0 
4 5 0 
395 0 
6 96 0 
12 62 1 
14 1,103 0 
18 43 0 
19 1 0 
22 1 0 
25 2 0 
24 213 0 
25 1 0 
28 3 0 
30 a 0 
33 1 0 
39 2 0 
40 1 0 
41 0 
42 2 0 
43 0 
44 1 0 


* The authors are indebted to the members of the Strep- 
tococcal Disease Laboratory, Warren Air Force Base, 
Wyoming, for supplying these data, 

+ Not typeable with the available antisera. 
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study of the organism associated with initial at- 
tacks of this complication was undertaken. 

Cultures of the tonsils and oropharynx were ob- 
tained from individuals with acute nephritis en- 
tering hospitals in Cleveland and other areas. In 
addition, cultures were obtained in many instances 
from members of the household living in intimate 
contact with the patient with nephritis. Organ- 
isms showing beta-hemolysis after incubation on 
blood agar plates were grouped and typed after 
the methods of Maxted (95) and Swift, Wilson 
and Lancefield (92). 

A summary of the results obtained thus far 
is presented in Table Nephritis occurred 
within a period of five days in a sister and brother 
in Pittsburgh (Cases 1A and 2A). A group A, 
type 12 streptococcus was isolated from the ear 
of patient 1A; a culture was not available from pa- 
tient 2A. Case 3 was the only instance of acute 
nephritis observed among 2,366 untreated strepto- 
coccal infections studied at Warren Air Force 
Base, Wyoming (Table III). Type 12 strepto- 
cocci were isolated from this patient’s throat on 
five different occasions, On September 19, 1950, 
patient 5B entered the hospital because of red 
urine and swelling of the face. The patient had 
a skin infection from which a beta-hemolytic strep- 
tococcus was isolated, but the strain was dis- 
carded before typing could be accomplished. Five 
days later, on September 24, the father of this child 
was admitted with acute nephritis and a group A, 
type 12 streptococcus was isolated from the cul- 
ture of the oropharynx. The same organism was 
also isolated from other members of the household, 
but the urine from these individuals was normal 
on one examination, 

Patient 7 is of special interest since she and 
other members of the family had been under con- 
tinuous observation since 1948 (98). Throughout 
this period weekly throat cultures had failed to 
show type 12 streptococci and semi-annual urine 
In November, 1950, 
all individuals in the family acquired type 12 strep- 
tococci. 


examinations were normal. 


Patient 7 developed classical acute glo- 
merulonephritis, The remaining members of the 
family were immediately given small amounts of 
penicillin. The urines of each of the four other 
members of the family showed abnormal numbers 


*A preliminary report of this study has appeared else 
where (96). 


: 
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TABLE IV 
Serological type of streptococcus isolated from patients in an initial attack of acute nephritis over a four year period 


Urine Physical examination Type 


— —— groupA 
Hema- Albumi- Blood 


strepto- 
Location Age turia nuria pressure Edema coccus 


9/50 
9/50 
10/50 
11/50 


$/52 
6/52 


7/52 
9/52 
9/52 
9/52 


Pittsburgh, Pa. 
Pittsburgh, Pa. 
Cheyenne, Wyo. 
Cleveland, O. 
Cleveland, O. 
Cleveland, O. 
Cleveland, O. 


Cleveland, O. 15 
Cleveland, O. 15 
Rochester, N.Y. Adult 
Cleveland, O. “6 


Panama City, Fla 
Cleveland, O. 
Cleveland, O. 
Hawaii 


Hawaii 
Cleveland, O. 


Syracuse, N. Y. 
Syracuse, N. Y. 
Syracuse, N. Y. 


Syracuse, N. 
Syracuse, N. Y. 
Cleveland, O. 
Cleveland, O. 


Cleveland, O. 


Cleveland, O. 
Bainbridge, Md. 


Cleveland, O. 


Syracuse, N. Y. 


Cleveland, O. 
Cleveland, O. 
Cheyenne, Wyo. 
Cheyenne, Wyo. 


+4+++ 


+++ 


84/56 
114/76 
220/160 
190/120 
170/125 
140/100 
132/56 


175/115 
132/82 

180/110 
175/102 


154/100 
118/85 
105/68 
200/140 


160/124 
140/108 


150/100 
160/114 


+* 


152/100 
140/100 
160/100 
130/90 


Brother of patient 1A. 


Son of patient 4B. 


Mother 32, father 33, 
sister 6, and brother 2. 
All acquired type 12, 
and developed mild 
hematuria. 


Has one child with his- 
tory of puffy eyes at 
same time. 


Cases 19 and 20 occurred 
as part of epidemic in 
Hawaii. 


Cultures of wife, three 
children, play- 
mate all showed type 
12. single urine speci- 
mens negative. 


Type 12 isolated from 
son. 


Type 12 from brother. 
Type 12 isolated from 
mother and sister. 
Type 12 is also isolated 

from mother. 

Type 4 from son. 

One example of a large 
epidemic of acute ne- 
phritisamong military 
personnel caused by 
type 12 (97). 

Type 12 from brother, 
a nontypeable strain 
from another brother. 

Had several attacks of 
sore throat before on- 
set of nephritis. 


Brother of patient 33C. 


* Considered present and abnormal, degree not known. 


The authors are grateful to many physicians who assisted in collecting these data. 
the following cases were collected by Drs. T. S. Danowski (Cases 1A, 2/ 


The data and specimens on 
A), L. P. Longley (Case 6), R. F. Jacox (Case 13), 


C. R. Benton (Case 10), D. Cho Choy (Cases 19, 20), H. A. Feldman (Cases 21-25, 29), M. Klaus (Cases 15, 17, 28), 
and S. R. Inkley (Case 26). 
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Date 
month/ 
1A 33/49 6 ++4++ + 12 6G 
2A 3/49 8 ++++ + 
3 5/50 19 +444 +++ 12 
4B 320 + 12 
6 35 ++ ++ 0 12 . ® 
12 7/51 ++4+4+ 4444+ ++ 12 
8 2/51 +4 + 4 
13 2/51 ++++ ++ 12 
10 4/51 8 + + » 4 
11 4/51 5S +4+++ ++ + 12 
18 8/S1 4 +4+4++ ++ _ 4 
20 1/51 5 + + + 18 
1412/51 27 ++ +++ || + 12 
21 3/52 15 +* +°* +* +* 12 
P 22 3/52 2 +* +* +* +* 12 
24 4/52 7 +* +* +* +* 12 
25 4/52 10 +* +* +* +* 12 
15 4/52 2 +++ ++++ 90/00 0 — 
16 4/52 +4+4++ +++ 160/90 + 
17 4+4+4++ 4+4+4++ 144/90 = 12 
26 4/52 37 + + 
27 5/52 200 +4+++ ++ 12 
28 3 +44++ 140/? + 
29 5 = 25 
30 4 ae + + 12 
31 14 +444 0 12 
32C 5 +++ + + 
33C 3 +4+++ + + 12 
a 
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of red cells, but none developed symptoms of 
nephritis. 

During February, 1951, a strain of group A, type 
12 streptococci was isolated from a patient in 
Rochester, New York (Case 13) by Dr. Ralph F. 
Jacox. The first non-type 12 strain was isolated 
from a throat culture of a girl, age 15 (Case 8). 
In this instance the strain was identified as type 4. 
Another type 4 organism was isolated from a small 
child in Panama City, Florida (Case 10). In Case 
18, a type 4 streptococcus was isolated several 
months after the onset of an acute attack of ne- 
phritis. Whether this organism was related to the 
initial attack is unknown. The patient was dis- 
charged from the hospital one month previously 
for convalescence from an attack of acute nephritis. 
Two weeks before the present admission the child 
developed a cough and enlarged cervical lymph 
At the time of admission the mother ob- 
Cultures on admission showed 
type 4 streptococci.® 


nodes. 
served red urine. 


Case 9 is interesting because there may have 
been another instance of nephritis in the same fam- 
ily. This patient is a father of five children. One 
child had a respiratory infection at the same time 
as the father, and about two days before the father 
developed periorbital edema, the child had swelling 
of the face and of the tissues around the eyes. This 
child was not available for examination, but it 
seems probable that he also had nephritis. Pa- 
tients 32C and 33C are a brother and sister who 
developed acute nephritis within one week of each 
other. Although streptococci were not isolated 
from 32C, type 12 streptococci were obtained in 
large numbers from the nose and throat of pa- 
tient 33C. 

During January and February, 1951, 43 patients 
with acute nephritis were admitted to two hospitals 
in Hawaii, whereas during the same period in 1949 
and 1950 only 9 and 5 patients, respectively, were 
so diagnosed. Cultures from 2 patients (Case 19 
and 20) obtained during the epidemic period in 
Patient 14 
showed type 12 streptococci on culture, as did the 


1951 showed type 18 streptococci. 


5 One other type 4 streptococcus was received from Dr. 
Albert Dorfman, Chicago, from a collection of strains of 


Dr. Horace Gezon. This strain was from a member of 
the family where multiple cases of acute nephritis oc- 
curred (22). Since details of the strain are lacking, this 
patient is not included in Table IV. 


351 


wife, three children and a playmate of the children. 
A single urine specimen from these carriers of 
type 12 streptococci failed to show albumin or red 
cells. Patient 27 represents only one patient of an 
epidemic of type 12 infections that resulted in over 
100 cases of nephritis (97). There were 5 pa- 
tients in Syracuse from whom type 12 streptococci 
were isolated and 1 patient (Case 29) who har- 
bored type 25. 

The data presented in Table IV show that dur- 
ing the past four years type 12, and occasionally 
types 4 and 25 streptococci have been associated 
with attacks of acute nephritis in this country. In 
addition, type 18 streptococci were isolated from 
2 patients with nephritis from an outbreak occur- 
ring in Hawaii. The facts that in several instances 
multiple cases have occurred in a single family 
unit, and that in one family (Case 7) all individu- 
als developed hematuria following infection, sug- 
gest that type 12 was especially nephritogenic. 

If a relation exists between acute nephritis and 
specific strains or types of streptococci, then such 
streptococci should be present in areas where ne- 
phritis occurs and absent in areas where there is 
no nephritis. In Cleveland, where most of the 
sporadic cases of nephritis were studied, the re- 
sults of weekly cultures were available over a 
three year period through 1951 from a population 
of 260 people. 
tered throughout the eastern suburbs of Cleveland 
and included all members of approximately 60 
families (98). During this three year period type 
12 streptococci accounted for 17 per cent of the 
acquisitions of group A streptococei. There was a 
total of 66 type 12 acquisitions. Five of these ac- 
quisitions were followed by urinary complications : 


This population was widely scat- 


one individual developed symptoms of nephritis, 
and four others in the same family developed he- 
maturia, The data from this sample of the popu- 
lation indicate that 83 per cent of all streptococcal 
infections in this area were due to types other 
than 12, and yet nephritis was associated with 
the type 12 infections. In Syracuse, Feldman (99) 
reported that type 12 infections were common in 
1952 and at least 30 cases of nephritis were ob- 
served in the local hospitals during that winter— 
a most unusual record for the community. 

In contrast to the relatively frequent occurrence 
of nephritis in Cleveland and Syracuse is the ab- 
sence of this complication among military popula- 
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tions infected with group A streptococci. In a 
group of 2,304 infections caused by types other 
than 12, there were no cases of nephritis. In a 
group of 62 type 12 infections in the same popula- 
tion, one patient developed nephritis. 

The final evidence required to establish the hy- 
pothesis presented here would be to demonstrate 
that infection with one of these nephritogenic 
strains results in a higher attack rate of nephri- 
tis than when infection is caused by another type. 
To date, only two epidemics of nephritis have been 
reported in which serological typing was attempted. 
Kempe, Olmsted and Curnen (100) observed four 
boys who developed acute glomerulonephritis at 
about the same time. These patients were among 
a group of 34 boys in the second form of a boys’ 
school. The total number of boys found to have 
hematuria in this group was 12, or 35 per cent. 
Among the group of 34, four were found to har- 
bor beta-hemolytic streptococci; group A, type 12 
streptococcus was isolated from two individuals, 
the other two strains were not grouped or typed. 
The only other typeable strain isolated from boys 
in other forms in the school was type 12. These 
data would tend to implicate type 12 as the cause 
of the epidemic of nephritis, and furthermore would 
indicate that the attack rate of nephritis was high. 

A recent report from Australia (101) indicates 
that type 12 streptococci may be responsible for 
an outbreak of nephritis in that country. Eight 
cases of classical acute nephritis and 30 to 40 pa- 
tients with edema and albuminuria were observed 
in a town of 8,000 people located northwest of 
Melbourne. A survey of the bacterial flora of the 
throat showed that of 35 typeable group A strepto- 
cocci isolated, 16 were type 12, 10 type 22, and 9 
belonged to other types. 

Since the institution of the present study three 
other epidemics of nephritis have been reported 
to the authors. Langmuir, Richardson, and Perry 
(102) observed 4 cases of acute glomerulonephritis 
among 311 pupils in a rural school in Harford 
County, Maryland. These cases occurred between 
March 2 and 25, 1949. Throat cultures were ob- 
tained and of 46 group A strains, 34 or 74 per 
cent were type 12. In one of the families of a pa- 
tient with nephritis, type 12 was isolated from the 
throat culture of a sibling. Denny and Thomas 
(103) studied an outbreak of 2 cases of acute ne- 
phritis which occurred in a grade school in Min- 
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nesota. In this school there were approximately 
300 students ; cultures of the throat were obtained 
from 56. There were seven group A strains and 
one group C strain isolated. The group A strepto- 
cocci included three type 12 strains, one type 6, 
and three strains which were not typeable with the 
available sera. Streptococci were not isolated 
from the two patients with nephritis, both of whom 
had received penicillin. 

An epidemic of acute nephritis involving 5 and 
possibly 6 of 10 siblings in Rochester was studied 
in 1947 by Martin (24). Although beta-hemolytic 
streptococci were isolated from four of the patients 
with nephritis, they were not classified serologi- 
cally. However, a type 12 streptococcus was iso- 
lated from a culture obtained from an older sibling. 

These five outbreaks of acute glomerulonephritis 
occurring in widely separated areas (Connecticut, 
Maryland, Minnesota, New York, and Australia) 
were apparently associated with type 12 infections. 
It is impossible, however, to establish an attack 
rate from these data. More recently, there has 
been a large outbreak of over 100 cases of nephritis 
in a military population (97). In this outbreak it 
was possible to study all streptococcal infections 
and the results to be reported elsewhere (97) will 
establish that certain strains of type 12 strepto- 
cocci are indeed associated with a high attack rate 
of nephritis. 


DISCUSSION 


The existence of either a rheumatogenic (104) 
or a nephritogenic (96, 105) strain of streptococci 
has been postulated. Although there is some evi- 
dence that one strain of group A_ streptococci 
lacked rheumatogenic capacities (106) whereas in- 
fection with another resulted in a high attack rate 
of rheumatic fever (104), most of the data indicate 
that various typeable strains of group A strepto- 
cocci do not vary in their ability to produce rheu- 
matic fever (107). 
per cent of streptococcal infections are followed 
by an attack of rheumatic fever (107). 

The incidence of rheumatic fever in various 


In general, approximately 3 


population groups should reflect the number of 
streptococcal infections occurring in that popu- 
lation, since the attack rate of rheumatic fever is 
relatively constant following such infections. The 
attack rate of rheumatic fever following strepto- 
coccal infections is not altered appreciably by such 
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factors as climate, geographical area, and age 
(107). Several studies (108, 109) have shown 
that rheumatic and scarlet fever, each a manifesta- 
tion of a group A streptococcal infection, are more 
common in the northern than in the southern lati- 
tudes of North America. Acute nephritis, how- 
ever, appears to be as common in the south as in 
the northern states of this country (108). Al- 
though the effect of climate on the individual in- 
fected with group A streptococci may account for 
altered susceptibility to nephritis as compared to 
rheumatic fever, it would appear more likely that 
the strains of streptococci responsible for the ill- 
ness preceding these two complications varied in 
their ability to produce nephritis. Thus, the data 
of Seegal, Seegal and Jost (108) show that in the 
hospitals studied, the number of admissions for 
acute nephritis had little relationship to the number 
of rheumatic admissions. For example, at the 
Vancouver General Hospital in 1917 there were 
145 cases of rheumatic fever and 29 cases of acute 
nephritis; the following year there were only 23 
cases of rheumatic fever and 26 cases of nephritis. 
Here in a single geographical area there appeared 
to be little relationship between the number of cases 
of nephritis and rheumatic fever. 

The impression that the incidence of acute 
nephritis following scarlet fever has decreased in 
the past several decades is partially confirmed by 
the data presented. More impressive than the de- 
cline in the attack rate of this complication are the 
remarkable variations in the incidence of nephritis 
recorded during the period surveyed. Although 
some of this variation is undoubtedly due to cri- 
teria of diagnosis and frequency of observations, it 
is believed that many of the differences are sig- 
nificant. In the present study of 2,366 patients 
with exudative tonsillitis and pharyngitis from 
whom group A streptococci were isolated, there 


was only one patient who developed symptoms of 


nephritis. All these patients were examined at 
least three weeks after the onset of the streptococ- 
cal infection for which they received no specific 
form of therapy. In contrast to these results is the 
attack rate of 18 per cent observed by Wahrer (1), 
a 450-fold difference! This extreme variability in 
the attack rates of acute nephritis following known 
streptococcal infections suggests that nephritogenic 
strains of streptococci may exist. 

The epidemic occurrence of nephritis in various 
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populations, especially within the family unit, could 
be explained by infection with nephritogenic or- 
ganisms. It has been suggested that the occurrence 
of multiple cases within the family unit may be due 
to some factor, genetic or otherwise, that pre- 
disposes the members to this disease (13). If 
such is the case, these factors have not been de- 
fined. Since it is known that respiratory infections 
spread readily when introduced into a family unit 
(98), it would seem reasonable to expect multiple 
cases of nephritis relatively frequently if strains of 
streptococci with marked nephritogenic capacities 
In the 
present study a number of such family epidemics 
was observed, and it is likely that additional in- 
stances of nephritis would have been recorded if 


were introduced into such a population, 


each family had been studied carefully. 

The sudden appearance of nephritis in large 
population groups has been thought to be due to 
poor nutrition (71). 
believe that inadequate nutrition was responsible 
for the outbreaks of nephritis which occurred in 
private and public schools and among military per- 
sonnel reviewed in this report. Likewise, it is 
doubtful that nutrition played a role in the large 
epidemic of nephritis which was observed during 
World War I. 

It is commonly believed that the form of the 
clinical disease produced by group A streptococci 
is not a function of the serological type. Although 
this is generally true, it has been demonstrated that 
during short periods of time, when there are sev- 
eral serological types producing disease in a given 
population, one type may result in a higher attack 
rate of scarlet fever than another type (110). 
Furthermore, it is known that certain biological 
characteristics of streptococci can be correlated 
roughly with the serological type (72, 86). Thus, 
it appears possible that the complication, nephritis, 
might be associated with strains belonging to cer- 
tain serological types. 

A review of the literature failed to show that 
nephritis was caused by only one or a few serologi- 
cal types, although Ehinger (73) reported that 
type 31 appeared to be responsible for 6 cases of 
nephritis out of 26 infected with this organism. 
In most of these studies typing was performed by 
the agglutination or Griffith technique (87) which 
experience has shown not to be as reliable as the 
precipitin method (92). Furthermore, many of 
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these bacteriological studies were performed in 
contagious disease hospitals where cross infections 
are not uncommon, so that complications such as 
nephritis may not have been due to the type iso- 
lated during the acute phase of the streptococcal 
infection. The fact that 1,103 type 14 infections 
were observed without a single instance of nephri- 
tis indicates, at least, that this type during the 
period of observation was not associated with 
nephritis. 

At the time the present study was instituted only 
a limited population which could be followed from 
the onset of the acute streptococcal infection to 
the onset of nephritis was available. As a result, 
patients with nephritis entering the hospital were 
also used as a source of bacteriological material. 
In these hospitalized patients cultures were obtained 
soon after admission so that cross infections with 
new types were unlikely. Furthermore, cultures 
obtained from parents and siblings in the home 
frequently showed streptococci of a similar type to 
the one isolated from the patient with nephritis. 

In the present study it is apparent that type 12 
streptococci appeared to be related to nephritis in 
the majority of patients (84 per cent) even though 


the patients were studied over a four year period 


In addition to 
these observations Wright (111) reports the iso- 
lation of type 12 streptococci from 3 patients with 
acute nephritis in the Chicago area. Wertheim 
and his coworkers (112) have made the interesting 
observation that of 39 typeable group A cultures 
isolated from patients with acute nephritis during 
1936 to 1942 in New York City, 20 or 51 per cent, 
were type 12. Rantz (113) recently reported the 
Griffith types of streptococci isolated from 8&4 
patients with otitis media studied between 1939 
and 1943 in the San Francisco area. Type 12 
streptococci were isolated from the exudate ob- 
tained from the middle ear in 14 patients and two 
of these individuals subsequently developed acute 
hemorrhagic Bright’s disease. A third patient 
with otitis media developed nephritis, but the or- 
ganism was not identified serologically. One pa- 
tient who had otitis media due to type 1 strepto- 
cocci was found to have latent nephritis a year 
later. 

Although these observations establish that in- 
fections with type 12 and type 4 streptococci may 
result in an attack of acute nephritis, they do not 


in various sections of this country. 
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indicate the magnitude of the attack rate. The 
data presented by Kempe, Olmsted and Curnen 
(100) would indicate that the streptococcus (pre- 
sumably type 12) that caused the epidemic in 
Connecticut was indeed markedly nephritogenic. 
In contrast, the 62 type 12 infections in Wyoming 
were not associated with a high attack rate. Stud- 
ies to be reported elsewhere (97) will show that 
in a large epidemic of nephritis occurring in the 
spring of 1952, the infecting strain, type 12, was 
associated with a high incidence of complications. 
These data would indicate that there may be strain- 
differences within organisms belonging to type 

These data are of some importance from both 
a practical and theoretical yiewpoint. Because of 
the existence of nephritogenic strains, the family 
and other population units from which a patient 
with nephritis comes should be observed for evi- 
dence of other apparent and inapparent cases of 
the disease. In order to prevent spread of the dis- 
ease, an attempt should be made to eradicate the 
organism from all carriers in such populations. 
It is possible that individuals who have been in- 
fected with a nephritogenic strain are subsequently 
immune to that serological type, since there is 
evidence that immunity to streptococcal infections 
in man is type-specific (115). Thus the chances 
of developing a second attack of acute nephritis 
should be exceedingly small since the number of 
types responsible for this complication is few. 

By the experimental use of streptococci de- 
rived from patients with acute nephritis, and es- 
pecially organisms isolated from cases during epi- 
demics, the pathogenesis of glomerulonephritis 
may be elucidated. Thus far attempts to repro- 
duce the disease in monkeys and rabbits have 
failed (116). 


CONCLUSIONS 


A review of the literature has demonstrated that 
the attack rate of acute glomerulonephritis follow- 
ing streptococcal infections varies from year to 
year. Furthermore, epidemics of nephritis have 
been observed in family units and other popula- 
tion groups. The cause for the variations in the 


®It is known (114) that type 12 streptococci as deter- 
mined by the precipitin technique include two serologically 
distinct types (types 10 and 12) when tested by the 
Griffith technique. 
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attack rates of acute nephritis following strepto- 
coccal infections appears to be due to varying 
nephritogenic capacities of the infecting organism. 

In a group of 31 patients with acute nephritis 
observed during a four year period in various cities 
in this country, type 12 streptococci were associ- 
ated with 26 attacks. Streptococci of types 4 and 
25 were related to four and one attacks of nephri- 
tis, respectively. Type 18 streptococci were iso- 
lated from 2 patients with nephritis observed dur- 
ing an outbreak of this disease in Hawaii. 

The data presented demonstrate that infection 
with type 12 and perhaps type 4 streptococci is 
especially likely to be followed by an attack of 
acute glomerulonephritis. Some evidence was 
obtained which indicated that strains of type 12 
may vary in their nephritogenic capacity. 
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INTRODUCTION 


The mechanism by which acute glomerulonephri- 
tis develops is unknown, but there is general agree- 
ment that an infection initiates the process. This 
infection commonly occurs in the upper respiratory 
tract but classical instances of acute glomerulone- 
phritis have followed infections of the skin, sub- 
cutaneous tissues, lungs and peritoneal cavity. An 
antecedent hemolytic streptococcal pharyngitis has 
not been excluded in all these instances. Clinical, 
bacteriological and immunological evidence indi- 
cates that the hemolytic streptococcus is the pre- 
cipitating agent in the great majority of the in- 
fections that precede acute glomerulonephritis 
(1-7). It should be noted, however, that acute 
glomerulonephritis has followed pneumococcic 
pneumonia (8), subacute bacterial endocarditis 
(9), and gastrointestinal infections due to various 
enteric organisms (1). 

Recently Rammelkamp, Weaver, and Dingle 
(10) presented evidence indicating that the attack 
rate of acute glomerulonephritis following Group 
A hemolytic streptococcus infections varied con- 
siderably. In contrast, the incidence of acute rheu- 
matic fever following such infections appeared to 
be relatively constant. Rammelkamp and his as- 
sociates postulated that this difference in attack 
rate was due to the episodic appearance of certain 
strains of hemolytic streptococci which were more 
nephritogenic than others. Their collected data 


1 Aided by grants from the Public Health Research In- 
stitute of the City of New York, Inc., the Albert and Mary 
Lasker Foundation, and the Josiah Macy, Jr. Foundation. 

2 Deceased. 

3 Present address: New York University College of 
Medicine, New York, N. Y. 


indicated that Type 12 organisms caused most 
of the infections associated with acute glomerulo- 
nephritis. Kempe, Olmstead, and Curnen (11) 
reported an outbreak of nephritis in a school of 
96 young boys. There were four cases of clinical 
acute nephritis while transitory hematuria was re- 
ported in 22 other students. The only typed strain 
obtained from the students at the school was Group 
A, Type 12. However, it was not obtained from 
the patients with clinical nephritis. Manser and 
Wilson (12) have reported an epidemic of hemo- 
lytic streptococcal pharyngitis, presumably milk- 
borne, associated with a high incidence of nephri- 
tis. Throat swabs of 140 people, including pa- 
tients and contacts, were cultured. Thirty-five 
Group A streptococci were typed. Sixteen were 
Type 12, 10 were Type 22, and the remaining were 
distributed among other types. In contradistine- 
tion to these data, Gunn and Griffith (13) in 
1928 stated that while Group A, Type 1 hemolytic 
streptococcus produced the most severe disease 
with the highest incidence of complications, Type 
2 was more likely to cause nephritis and endocar- 
ditis. Rammelkamp and Weaver (14) have pre- 
sented a comprehensive review of this matter. 

Stimulated by Rammelkamp, Weaver, and 
Dingle’s work (10) on the association of Type 12 
hemolytic streptococci and acute glomerulonephri- 
tis observed during the past four years, similar 
data, which had been accumulated at the Presby- 
terian and Babies Hospitals in New York City 
during the years 1936 to 1943, have been re- 
examined, 

METHODS AND DATA 

A study was made of all the records of patients at the 

Presbyterian and Babies Hospitals of the Columbia 


359 


| 
| 
et : 


360 


A. WERTHEIM, J. LYTTLE, E. LOEB, D. 


EARLE, JR., B. SEEGAL, AND D, SEEGAL 


SEROLOGICAL CLASSIFICATION OF GROUP A HEMOLYTIC STREPTOCOCCI 
ISOLATED FROM 90 CASES OF ACUTE GLOMERULONEPHRITIS 
OBSERVED AT THE BABIES AND PRESBYTERIAN HOSPITALS 

NEW YORK CITY 1936 - 1942 
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Presbyterian Medical Center in New York diagnosed as 
having acute glomerulonephritis. There were 212 indi- 
vidual instances of well documented acute nephritis dur- 
ing the years 1936 to 1943. In 90 of these 212 patients, 
Group A hemolytic streptococci were cultured from the 
pharynx (Figure 1). At a later date an attempt was 
made to type these 90 strains. Thirty-nine exhibited type 
specificity. Of these, 20 (51 per cent) were Type 12. 
The remaining 19 were classified into the following Types : 
1, 2, 4, 5, 6, 9, 11, 19, 28, 30, 42, or 46. 

These data were collected as part of a study on the nat- 
ural history of glomerulonephritis in childhood and adult 
life. Nose and throat swabs for the possible isolation 
of hemolytic streptococci had been taken from a_hos- 
pital and clinic population composed of patients in vari 
ous stages of acute, chronic and healed glomerulonephritis. 
During the period from 1936 to 1943 406 cultures, mainly 
pharyngeal, yielded Group A_ hemolytic streptococci. 
These organisms were maintained in the laboratory by 
frequent transplants. During the course of the years an 
attempt was made to determine the type specificity of each 
of the strains. At the time of the study specific typing 
sera for hemolytic streptococci were just becoming avail- 
able so that all organisms were not tested against all 
present-day sera. The following typing sera* were avail- 
able at some time during the course of the seven years’ 
work: 1, 2, 3, 4, 5, 6, 8, 9, 11, 12, 13, 14, 15, 17, 18, 19, 22, 
23, 24, 26, 28, 29, 30, 31, 32, 33, 36, 37, 38, 39, 40, 41, 42, 43, 
44, and 46. Either the slide agglutination method of 
Griffith (15), the precipitin method of Lancefield (16), 


4 Generously supplied by Dr. Rebecca C. Lancefield. 


or both were used. Only 157 (38.6 per cent) of the 406 
strains of Group A_ hemolytic streptococci could be 
typed. The failure to type so large a proportion of these 
cultures may have been due to a loss of the type-specific 
antigens through long cultivation on artificial media. In 
some instances these strains may represent types for 
which no sera were available. Type 12 was obtained most 
frequently, 24 times, in this group of patients in various 
phases of nephritis. Nineteen of these were isolated in 
the four year period between 1939 and 1942. Twenty of 
the 24 cultures of Type 12 hemolytic streptococci were 
isolated from patients with acute glomerulonephritis. 
They were discussed previously. Type 18 was the second 
commonest streptococcus identified. It was isolated from 
10 patients, none of whom had acute glomerulonephritis. 

The 39 cases of acute nephritis in which data on type- 
specific hemolytic streptococci were available, were ex- 
amined to determine the time relationship between the 
date of isolation of the hemolytic streptococcus and the 
stage of the acute nephritis (Figure 2). The day of 
onset of the nephritis is taken as the initial appearance of 
edema, proteinuria, hematuria, or encephalopathy or any 
combination of these classical signs. Healing of the 
nephritis was dated from the time when the urine became 
consistently normal. 

It will be seen from Figure 2 that the organisms were 
isolated from four days to six months after the presumed 
onset of the nephritis. Since the onset of the renal dis- 
ease occurred two to three weeks after the initiating in- 
fection, the patients were not available for cultures until 
long after their pharyngitis. The significance of pharyn- 


= 


ACUTE GLOMERULONEPHRITIS 


ACUTE GLOMERULONEPHRITIS 


COURSE OF DISEASE AND TIME OF ISOLATION 
OF TYPE SPECIFIC HEMOLYTIC STREPTOCOCCI! 


39 CASES 


J 


J 


Jose 


| 
WEEKS 


A HEMOLYTIC STREPTOCOCC: WHICH WOT TYPE FOLLOW-UP 


Fic. Z 


361 
ves 
(a) wen @ 
tour 
: 
4 
tose 
1940 
1041 
| 
CODE 
| 


362 A. WERTHEIM, J. LYTTLE, EF. 
geal cultures obtained at this time is difficult to evaluate. 
In studies of the relationship between the types of hemo- 
lytic streptococci in early scarlet fever and organisms 
isolated during later complications (17), it was deter- 
mined that cultures obtained within the first two weeks 
showed new types of hemolytic streptococci in at most 20 
per cent of instances. After two weeks the likelihood for 
pharyngeal contamination with new types was increased 
many times. However, Rammelkamp (18) has stated 
that in his hands there is at most a 6 per cent contamina- 
tion of the pharynx with new types in the first two weeks 
of nephritis. The data in Figure 2 show that 19 of the 
cultures were obtained within two weeks of the onset of 
the nephritis. Ten or one-half of the total were Type 12, 
a figure which is similar to that for the entire series. 

A comparison of the nephritic patients in whom Type 
12 hemolytic streptococci were isolated with those from 
whom other types were obtained, reveals no Jignificant 
difference in either final outcome, presence of suppurative 
complications, or antistreptolysin “O” response. How- 
ever, the possibility exists that a preexisting Type 12 or- 
ganism may have been present in the so-called non-Type 
12 group 


COM MENT 


Seegal and Earle (19) called attention to cer- 
tain biological differences between  glomerulo- 
nephritis and rheumatic fever. 


They noted that: 
1) glomerulonephritis had a uniform geographical 


distribution throughout North America while rheu- 
matic fever was more frequent in the northern than 
in the southern latitudes; 2) glomerulonephritis 
was more common in males than in females, 
whereas rheumatic fever was equally distributed 
between the sexes; 3) in two-thirds of the cases of 
acute glomerulonephritis there was a “deep” he- 
molytic streptococcus infection, whereas rheu- 
matic fever was usually preceded by a superficial 
pharyngitis; 4) relapse was a rarity following the 
healing of acute glomerulonephritis. In contrast 
recurrence of rheumatic fever was to be antici- 
pated ; 5) in acute exacerbation of chronic nephri- 
tis there was a shortened latent period between in- 
fection and relapse of the disease. In rheumatic 
fever the latent period remained constant in each 
exacerbation. Subsequently, Earle, Seegal, Lyttle, 
Loeb, and Jost (20) showed that in contrast to 
rheumatic fever the exacerbation in seven of eight 
cases of nephritis was fully developed before the 
antistreptolysin titer increased. Recently Fischel 
and Gajdusek (21) observed a serological differ- 
ence between nephritis and rheumatic fever. They 
have shown that complement is sharply reduced 
in the former but is normal or elevated in rheu- 
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matic fever. Rammelkamp, Weaver, and Dingle 
have emphasized another biological difference be- 
tween the two diseases, namely variation in the 
attack rate following Group A hemolytic strepto- 
coccus infections. The attack rate for glomerulo- 
nephritis varies in different outbreaks of hemolytic 
streptococcic infections, whereas there is a rela- 
tively constant incidence (3 per cent) of rheumatic 
fever after invasion by the hemolytic streptococcus. 
These workers have presented data which suggest 
that the variation in incidence of acute glomeru- 
lonephritis may be due to outbreaks of infection 
due to certain nephritogenic strains of hemolytic 
streptococi. Type 12 seems to be the prime of- 
fender. Our data confirm the observation of 
Rammelkamp, Weaver, and Dingle (10) that some 
strains of the Group A, Type 12 hemolytic strep- 
tococcus may be considered nephritogenic. 

Data already at hand indicate that the Type 12 
hemolytic streptococcus is quite variable in its 
ability to initiate acute glomerulonephritis. Ram- 
melkamp, Weaver, and Dingle (10) report a 
single case of nephritis in 42 patients with Type 
12 pharyngitis among a group of air force per- 
sonnel. In 1939 Coburn and Pauli (22) studied 
an epidemic of Type 12 infections at the Babies 
Hospital, New York. These infections preceded 
by one year the period of high incidence of acute 
glomerulonephritis and Type 12 hemolytic strep- 
tococcus infection reported in our series. Coburn 
(23) stated that nephritis was not known to have 
developed in any of these 38 patients studied by 
him. 

There are certain limitations to the data pre- 
First, cultures were obtained at vari- 
ous intervals after the onset of the nephritis and 
not at the time of the initiating infection, There- 
fore, the possibility exists that new types of hemo- 
lytic streptococci might have been introduced. 
Second, only one or two colonies were selected for 


sented here. 


subculture from the original streaked plate. If 
more than one type of hemolytic streptococcus 
were present in the pharynx they might have been 
missed. However, Schwentker, Janney, and Gor- 
don (24) concluded from their studies “that the 
need for picking multiple colonies from throat 
culture plates is greatest for healthy carriers, less 
for convalescent carriers and practically negligible 
for patients with acute streptococcal throat in- 
fections.” Third, type specificity was probably 
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often lost during the course of repeated sub- 
culture on artificial media. Finally, type-specific 
organisms may have been present for which cor- 
responding anti-sera were not available. 


SUMMARY AND CONCLUSIONS 


1. During a seven year period, 1936 to 1942, at 
the Presbyterian and Babies Hospitals in New 
York City type-specific strains of Group A hemo- 
lytic streptococci were isolated from 39 patients 
with acute glomerulonephritis. 

2. Twenty (51 per cent) of these 39 cultures 
were identified as Type 12. 

3. A variety of different types of Group A he- 
molytic streptococci were isolated from the re- 
maining 19 patients. 

4. The data presented are in accord with the 
observations of Rammelkamp, Weaver, and Dingle 
that Type 12 hemolytic streptococcic infections 
are frequently followed by attacks of acute glo- 
merulonephritis. 

5. Certain of the biological differences between 
acute glomerulonephritis and rheumatic fever are 
discussed, 
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Current methods of treatment of barbiturate 
poisoning, which consist of supportive measures 
aimed towards maintenance of life until the drug 
can be excreted or metabolized, have occasioned 
considerable dissatisfaction because of their lack 
of specificity. 
ward either more rapid removal or accelerated de- 
toxification of the barbiturate preparation. The 
closest approach to this goal has been the use of 
massive intravenous infusions to initiate diuresis 
with consequently more rapid urinary excretion of 
the drug. 

Morbidity and mortality in a significant number 
of patients with barbiturate toxicity are not directly 
related to the primary depressant effect of the 
drug. Many patients, especially in the older age 
group, die because of respiratory difficulties. Mor- 
bidity at all ages is often increased by such com- 
plications. The number and severity of these could 
be reduced if the drug were removed from the 
body more rapidly, thus shortening the period of 
coma. 

The application of massive hydration (1) or 
cross-circulation of a poisoned dog with a large 
untreated animal (2) has been shown to permit 
survival of narcotized dogs given doses of barbitu- 
rate that ordinarily prove fatal. These studies in- 
dicated that permanent fixation of barbiturate to 
tissues is not the major factor in mortality and 
strongly suggested that beneficial effect might re- 
sult from lowering of the blood barbiturate level, 
irrespective of the total amount of barbiturate con- 


Ideal therapy must be directed to- 


tained within the body. 

Hemodialysis will not remove substances that 
are firmly attached to protein. Brodie and his as- 
sociates (3) have presented evidence that only a 
certain portion of the circulating barbiturate is so 


1 This investigation was supported by a research grant 
(R.G. 2741) from the National Institutes of Health, U. S. 
Public Health Service. Part of this material was pre- 
sented at the National Meeting, American Federation for 
Clinical Research, May 1952 


bound and there is a possibility that the binding is 
loose, a form of equilibrium existing between the 
bound and the unbound portions. On this premise 
it appeared worthwhile to ascertain the possibility 
of removing barbiturate from the body by means 
of hemodialysis. 


METHODS 


The instrument used for hemodialysis in this investi- 
gation was the Kolff type of artificial kidney, modified 
and utilized extensively by Merrill and his associates (4, 
5) and studied further by Wolf, Remp, Kiley, and Currie 
(6). 

Determination of the barbiturate content of the blood, 
urine and bath fluid was carried out in early experiments 
by a method (Method A) which combined the salient 
features of several previously described procedures (7-9). 
In later experiments, the procedure (Method B) of Gold- 
baum was employed (10). Both methods employed, as 
well as other methods of barbiturate analysis, suffer from 
a lack of specificity since they do not differentiate between 
the barbiturate, a breakdown product or a_ metabolic 
coupling product. 


Method A 


Blood: Five ml. of oxalated blood, buffered to pH 5.5 
with 1 M KH,PO,, was extracted with 50 ml. of chloro- 
form. An aliquot of the filtered chloroform extract, usu- 
ally 40 ml., was then extracted with two portions (5 ml. 
and 3 ml.) of 0.2 NaOH. Nitrogen gas was bubbled 
through this combined alkaline extract to remove any 
dissolved chloroform, and the volume was brought up to 
10 ml. An aliquot of 5 ml. was removed and added to 
an equal volume of borate buffer which adjusted the solu- 
tion to pH 10. The optical density at 240 mu was deter- 
mined in the Beckman D.U. spectrophotometer and the 
amount of barbiturate estimated from the optical den- 
sities of standard solutions of the barbiturate in similarly 
buffered solvent. Whenever possible the concentration of 
barbiturate in blood was corrected by subtracting the ap- 
parent concentration of similarly treated blood obtained 
from the patient before the administration of any drug. 
This blank value varied, but the average of 25 determina- 
tions revealed it to be about 0.45 mg. per 100 ml. of blood 

Bath and urine: For analysis of bath or urine, samples 
of 50 ml. were extracted with 50 ml. of chloroform and 
the procedure followed as described previously under 
blood. 
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TABLE 1 
Recovery of barbiturate from bath fluid by Methods A and B 


Recovered Per cent 
mg./50 ml. recovery 
Method Method 
Concentration Equivalent to 
mg./50 ml mg./T B* Barbiturate 


.010 20 Amytal 
Nembutal 
Phenobarb. 
Barbital 


Amytal 
Nembutal 
Phenobarb. 
Barbital 


Amytal 
Nembutal 


Amytal 
Nembutal 
Barbital 


Amytal 
Amytal 


Amytal 
Nembutal 
Phenobarb. 
Barbital 


Amytal 
Nembutal 
Phenobarb. 
Barbital 


* TB = total bath. 


TABLE I 
Recovery of barbiturate from urine by Method A 


Per cent 
Concentration Equivalent to : Recovered recovered 
mg./50 ml. mg./L. Barbiturate Method A Method A 


1.00 20 Amytal .92 92 
Nembutal 1.20 120 
Phenobarb. 1.41 141 
Barbital 0.39 39 


Amytal 2.17 
Nembutal 2.84 
Phenobarb. 1.76 
Barbital 0.72 


Amytal 5.20 
Nembutal §.31 
Phenobarb. 3.66 
Barbital 1.64 


Method B would provide accurate optical density readings. In order 

Blood and urine: The method as described in (10) was t® €Xtract these larger aliquots efficiently it was found 
followed. necessary to use the following procedure: 50 ml. of bath 

Bath: Since the levels found in the bath were occasion- fluid _were adjusted to pH 5.5 with 1 M KH,PO, and ex- 
ally as low as 20 mg. in 100 liters of bath, much larger tracted three times with 100, 50, and 50 ml. portions of 
aliquots were required for extraction in order to obtain chloroform. The pooled chloroform extract was then 
concentrations of barbiturate in the NaOH extracts that washed with 10 ml. of phosphate buffer (pH 7.4) once 
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and filtered. A 175 mil. portion of this filtered chloro- 
form extract was then extracted with 10 ml. of 0.45 N 
NaOH. Thereafter the procedure described for the de- 
termination of blood barbiturate was followed. 

Recovery of the different barbiturates from urine 
and bath fluid is listed in Tables I and II. It can be 
seen that with increased concentration in the bath fluid, 
precision in the analysis of the barbiturate is also in- 
creased. It is also evident that bath samples of less than 
100 mg. per total bath cannot be analyzed by Method A, 
unless, instead of 50 ml., a 100 ml. portion of bath is used ; 
or if the chloroform is extracted with 5 ml. rather than 
10 ml. of NaOH. With this modification levels as low 
as 50 mg. per total bath could be analyzed. In Gold- 
baum’s method (B) levels as low as 20 mg. of barbiturate 
per total bath could be determined with a reasonable de- 
gree of accuracy. 

Recovery from blood of 100 + 5 per cent could be dem- 
onstrated by Method A in determining blood barbiturate 
content in samples of blood containing concentrations 
ranging from 0.5 mg. to 2.0 mg. per 100 ml. Goldbaum 
(10) mentions that differences of 0.1 mg. per 100 ml. of 
blood could be detected by his method and we have found 
this to be true. 


RESULTS 


Initially, patients who were to undergo hemo- 
dialysis because of renal disease were given a bar- 
biturate preparation to determine whether the drug 
could be recovered from the dialysate fluid. Iden- 
tification of the presence of barbiturate in the 
bath fluid indicated that this drug was dialyzable 
but gave no quantitative measure of its removal. 

To compare excretion of barbiturate with its 
removal by hemodialysis, the urinary excretion of 
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phenobarbital and sodium amytal, in terms of 
per cent of a given dose over a given period of time, 
was compared with the removal of these drugs by 
the artificial kidney. Patients without clinical evi- 
dence of kidney disease served as subjects for com- 
parison with those dialyzed. The results are shown 
in Figure 1. Ina period of two and one-half hours, 
4 per cent of the phenobarbital was excreted in 
the urine while in the same period of time 66 per 
cent of the same dose of this drug was removed by 
hemodialysis. Expressed in different terms, re- 
moval by dialysis was 16 times greater than ex- 
cretion in the urine over the same period of time. 
In a period of four hours 0.5 per cent of a given 
dose of sodium amytal was recovered in the urine 
as compared with removal of 18 per cent by hemo- 
dialysis, indicating that removal by dialysis was 36 
times more efficient than urinary excretion. The 
actual per cent of phenobarbital recovered was 
much greater than that of sodium amytal, most 
probably attributable to the fact that sodium amytal 
is metabolized more rapidly. 

Urinary excretion of barbiturate, in patients 
with barbiturate poisoning, was then compared 
with removal by dialysis in a patient given a dose 
of the drug sufficient to bring his blood level into 
a range comparable to that found in the patients 
with poisoning. It was observed that excretion 
of barbiturate, even in the patients who had in- 
gested large amounts of this drug, in no way com- 
pared with removal by dialysis in a patient with a 
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Unne Urine 
Barbiturate Volume 
(mg/hr) 
600, 


Fic. 2. 
WITH BARBITURATE 


POISONING WITH 


similar blood barbiturate level (Figure 2). It will 
be noted that, except in a patient with Meberal 
poisoning, blood barbiturate levels were similar in 
all cases. The maximum urinary excretion of 
barbiturate was 12 mg. per hour in a patient with 
a blood level of 7 mg. per 100 ml. of blood, who, 
because of intense hydration, had a urine volume 
of 480 ml. per hour. Removal by dialysis in the 
control patient was 132 mg. per hour—l11 times 
greater than the maximum urinary excretion. 
This comparison is somewhat negated by the fact 
that the patient who underwent dialysis had re- 
ceived phenobarbital which is not metabolized as 
rapidly as the preparations ingested by the patients 
with poisoning. On the other hand, although the 
blood barbiturate levels were comparable, the ac- 
tual body stores of barbiturate in the poisoned 
cases should have been much greater than in the 
control subject. Thus the removal of barbiturate 
by the most effective method of therapy currently 
available compared poorly with that accomplished 
by the method to be proposed. 

In order to evaluate the effect of hemodialysis 
on barbiturate blood levels, a patient under treat- 
ment by hemodialysis because of acute renal in- 
sufficiency was given a known dose of sodium 
amytal. Blood drawn from both the arterial and 
venous sides of the artificial kidney was measured 
for barbiturate before and during dialysis, and 
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hematocrit determinations on these specimens were 
conducted to evaluate the possibility that a chang- 
ing plasma volume might affect blood barbiturate 
levels. Two hundred milligrams of sodium amytal 
were administered intramuscularly two and one- 
half hours before, and again one-half hour after the 
beginning of dialysis. This study revealed that the 
blood barbiturate level was at all times lower on 
the venous side of the circuit, indicating that bar- 
biturate was being removed from the blood during 
its course through the artificial kidney (Figure 3). 
The arterial and venous blood barbiturate levels 
followed each other closely during dialysis and 
the arterial and venous hematocrit values showed 
no significant change during the six hour period, 
indicating that the changing blood levels were due 
to actual removal of barbiturate. During the first 
three hours of dialysis 96 mg. of barbiturate were 
recovered from the bath fluid but subsequent sam- 
ples contained insufficient barbiturate to allow ac- 
curate measurement by the technique employed 
(Method A). However, it was apparent that at 
least 25 per cent of the given dose had been re- 
moved by dialysis and in view of the continued 
differential arterial levels 
it is probable that a greater amount had been 
removed. This patient most probably maintained 
a significant blood concentration of this rapidly 


between venous and 


metabolized barbiturate preparation because of the 
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presence of severe hepatic damage on the basis of 
carbon tetrachloride poisoning. 

Following these preliminary studies it became 
possible to treat two patients with severe barbitu- 
rate poisoning by means of hemodialysis. 


Case 1. The first patient was a woman of 50 years who 
had ingested an unknown amount of Nembutal at an un- 
known time prior to her admission to another hospital. 
At this time she was comatose, unresponsive to all stimuli 
and completely areflexic. The patient was given rou- 
tine therapy in the form of an airway, removal of bron- 
chial secretions, antibiotics, analeptics and constant in- 
fusions. In spite of this treatment she remained in deep 
coma, and, after 36 hours, began to fail rapidly. The 
blood pressure began to fall, atelectasis developed and 
tracheotomy became necessary. At this time dialysis was 
conducted. At the beginning of the procedure the blood 
pressure was 80/40 mm. Hg, she was areflexic, and, in 
spite of constant suction through the tracheotomy tube, 
was mildly cyanotic. During a five hour period of dialysis 
by the artificial kidney her condition steadily improved. 
At the end of one and one-half hours the blood pressure 
began to rise, and at the end of four hours her deep ten- 
don reflexes could be elicited for the first time since hos- 
pitalization. At the termination of dialysis the blood 
pressure was normal, deep tendon reflexes were present 
and she responded by movement to 3 mg. of intravenous 
picrotoxin, whereas prior to this procedure she had 
shown no response to continued large intravenous doses 
of this drug. The patient regained complete conscious- 
ness eight hours following dialysis and made an unevent- 
ful recovery. The blood barbiturate level was 5.9 mg. at 
the onset, and 3.0 mg. at the termination of dialysis. 
The blood barbiturate level remained approximately con- 
stant during the last three hours of dialysis, despite con- 
tinued removal of barbiturate (igure 4), suggesting that 
barbiturate was being removed from extravascular sources. 
A five hour urine specimen was collected just prior to 
utilization of the artificial kidney, allowing comparison 
of removal of barbiturate by urinary excretion and by 
dialysis. Seven hundred and forty milligrams were re- 
moved by dialysis as compared to the urinary excretion 
of 30 mg.—a ratio of 24:1 (Figure 5). 

Case 2. The second patient was a 34 year old woman 
who had taken 10 gms. of sodium amytal approximately 
48 hours preceding dialysis. She was admitted to the 
emergency room of another hospital 90 minutes after in- 
gestion of the drug and gastric lavage revealed a few small 
blue particles in otherwise clear fluid. The initial exami- 
nation revealed a comatose patient unresponsive to all 
stimuli, with absent corneal reflexes and a fixed gaze. 
All deep tendon reflexes were absent except for the 
patellar reflexes which were hyperactive. She responded 
with purposeless movements to the intravenous adminis- 
tration of 6 mg. of picrotoxin. 

The patient was treated with the usual methods including 
massive intravenous fluid therapy but without further 
analeptics because of her response to the test dose. Her 
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course over the next 38 hours was one of continued coma 
The knee jerks alternated between hyperactivity and ab 
sence, but the other deep tendon reflexes remained ab 
sent. After about 30 hours she developed bilateral ankle 
clonus and an extensor plantar response; the blood bar- 
biturate level at this time was 5.3 mg. per cent. A neuro- 
logic consultant believed, in view of the coma, fixed pupils, 
absent corneal reflexes and changing neurologic signs 
in the lower extremities, that there was cerebral dam 
age and recommended hemodialysis. 

The patient was treated by means of the artificial kid 
ney for four and one-half hours. During the early part 
of the procedure she developed respiratory distress which 
necessitated bronchoscopic removal of secretions. Later 
during dialysis all of the deep tendon reflexes returned, 
as did the corneal response. The eyes began to roll and 
ankle clonus became less marked. At the end of three 
and one-half hours she began to respond to painful stimuli 
and at the termination of dialysis moved spontaneously 
The blood barbiturate level fell during this period of time 
from 5.2 to 3.5 mg. per 100 ml. of blood and 300 mg. of 
barbiturate were recovered from the bath (Figure 6). 
The patient subsequently improved rapidly with increas- 
ing spontaneous activity and complete disappearance of 
the abnormal neurologic signs. She was completely con 
scious 16 hours following dialysis and subsequently made 
a complete recovery. 

A four hour urine specimen was obtained from the pa- 
tient immediately prior to dialysis, allowing comparison of 
the amount of barbiturate in this specimen with the amount 
obtained during dialysis. Removal in the bath totaled 
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REMOVAL BY DIALYSIS COMPARED WITH RENAL 


EXCRETION IN CASE 2 


300 mg. over a four hour period as compared to excretion 
of 10 mg. in the urine during the same period of time im- 
mediately prior to dialysis when the blood level was slightly 
higher, 30 times more barbiturate thus being removed 
by hemodialysis than by urinary excretion (Figure 6). 


DISCUSSION 


The problem of barbiturate poisoning is of con- 
siderable clinical importance (11) and although 
constant efforts have been made to effect better 
methods of treatment, those available at the pres- 
The 


removal of barbiturate by hemodialysis is a new 


ent time are by no means totally desirable. 


approach to this problem which, because of the 
increasing number of artificial kidneys available, 
is of practical importance. The artificial kidney 
has been chiefly used for the removal of endogenous 
toxins or metabolites. A previous report from this 
clinic demonstrated that hemodialysis is an effec- 
tive method whereby acetylsalicylic acid can be re- 
moved from the body (12). Merrill has reported 
the use of the artificial kidney in the therapy of 
bromide poisoning (13) and has commented on 
its application to barbiturate intoxication (14). 


This preliminary study demonstrates that bar- 
biturate can be removed much more effectively by 
hemodialysis than by urinary excretion. It has 
been shown that patients with barbiturate poisoning 
tolerate the procedure of hemodialysis well and 
demonstrate improvement in their clinical picture 
during dialysis. Suggestive data have been ob- 
tained that application of vividialysis shortens the 
period of coma and it appears very possible that 
this method of treatment may be, in cases of se- 
vere poisoning, a life-saving procedure. It re- 
mains to be determined whether utilization of the 
artificial kidney early in the course of poisoning 
may not shorten materially the period of uncon- 
sciousness and thus protect the patient from the 
severe complications which result from prolonged 
coma. During this study emphasis was placed on 
evaluation of the efficacy of the artificial kidney in 
effecting removal of barbiturate from the body and 
all evidence supports the value of the procedure. 
Because of initial fears regarding the safety of 
hemodialysis, effort was made to treat only those 
patients who appeared to have little chance of 
survival without utilization of the artificial kidney. 
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The results obtained make it appear that certain ad- 
vantages might be obtained by hemodialysis in 
some patients with lesser degrees of barbiturate 
poisoning soon after the ingestion of the drug. 


CONCLUSIONS 

Barbiturate drugs can be removed from the hu- 
man body effectively by hemodialysis with the 
Kolff type of artificial kidney. 

Comparison of the removal of barbiturate by 
urinary excretion and by utilization of the artificial 
kidney indicates that the latter procedure is 20 to 
30 times more effective. Data obtained from 2 


patients with barbiturate poisoning indicate that 
25 to 30 hours are required for urinary excretion of 
that amount of barbiturate which can be removed 
by hemodialysis in one hour. 

The treatment of severe barbiturate poisoning by 
hemodialysis appears to be practical and effective. 
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Mental aberrations of various types and in vary- 
ing degree are observed in many patients during 
the administration of ACTH or cortisone. Most 
often the changes are those of personality or mood ; 
restlessness, irritability, insomnia, elation, depres- 
sion, euphoria are among the more common mani- 
festations, Less commonly, but nonetheless, not 
rarely, frankly psychotic episodes occur. In 
Cushing’s syndrome, where there is an abundance 
of endogenous adrenal cortical hormones, there is a 
high incidence of abnormal mentation including 
hysteria, suicidal depressive states, simple schizo- 
phrenia and paranoia (1). The production of 
mental symptoms and psychoses consequent to the 
administration of ACTH or cortisone and their 
frequency in Cushing’s syndrome suggest the pos- 
sibility that there is a biochemical basis for certain 
of the psychoses and personality disorders. 

This report deals with the study of the cerebral 
circulation and metabolism before, during, and 
after the administration of ACTH and cortisone 
for the purpose of determining the cerebral hemo- 
dynamic and metabolic effects of these hormones 
and possibly of elucidating the relationship of the 


physiological derangements to the induced mental 


aberrations. 


METHOD 


The cerebral blood flow (CBF) was determined by the 
nitrous oxide method of Kety and Schmidt (2) as modi- 
fied by Scheinberg and Stead (3) except in the case of 
T.B.C. where the original method (2) was employed. 
The cerebral oxygen consumption (CMRo,) and cerebral 
glucose consumption (CMRglu) were calculated from the 
CBF and the arterio-cerebral venous oxygen and glucose 
differences. The cerebral vascular resistance (CVR) was 
calculated from the CBF and the mean arterial blood 


1 Reviewed in the Veterans Administration and published 
with the approval of the Chief Medical Director. The 
statements and conclusions published by the authors are 
the result of their own study and do not necessarily reflect 
the opinion or policy of the Veterans Administration. 


pressure which was measured directly from a peripheral 
artery, usually the femoral, with a damped mercury ma- 
nometer. Arterial and cerebral venous blood samples 
were drawn simultaneously just before each blood flow 
procedure. Blood oxygen and carbon dioxide content 
were determined manometrically (2). Blood sugar was 


* determined by Nelson's modification of the Somogyi 


method (4). 

Complete studies of cerebral hemodynamics and metab- 
olism were undertaken on 45 occasions in 12 patients in 
the ACTH 2 group. These comprised pretreatment de- 
terminations in 11 of the 12 patients; from one to six de- 
terminations on each patient during the time they were 
receiving 10 mgms. to 200 mgms. of ACTH daily; and 
in many instances, as a further control, studies were re- 
peated 10 to 20 days after cessation of hormone therapy. 

The observations during the treatment period in 9 of 
the 12 patients in the ACTH group were performed after 
the patients had received the drug for two to three weeks 
In three instances (E.R.S., L.R.C., and J.R.B.), long 
term studies extending from three to eight months were 
performed, during which time repeated observations 
were made. The data obtained from 2 patients with 
Cushing’s syndrome are also included. 

Thirty-two studies were performed on a second group 
of 9 patients who received cortisone in doses ranging 
from 100 to 200 mgms. daily. Pretreatment, treatment, 
and post-treatment studies were performed on at least 
one occasion in each patient at about the same time in- 
tervals as those in the ACTH group. 

The data were analyzed statistically by the method of 
paired observations; the pertinent difference between val- 
ues obtained before and during administration of the hor- 
mone were calculated for each subject. The mean of 
those differences together with its standard error was 
then calculated from the individual differences. P values 
so determined are recorded in Tables I to IV. Where 
multiple studies on one patient were done, the values were 
averaged and this average was used in the calculation of 
individual differences, standard deviation and standard 
error. 

RESULTS 

Cortisone. The results of studies made before, 

during and after the administration of cortisone 


2 We are indebted to Dr. John R. Mote of the Armour 
Laboratories, Chicago, Illinois, for making available the 
ACTH used in these studies. 
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EFFECT OF ACTH AND CORTISONE ON CEREBRAL BLOOD FLOW 


TABLE I 
The effect of cortisone on cerebral hemodynamic and metabolic functions 


| Cerebral metabolic | Cerebral metabolic 

rate oxygen rate glucose 
(CMRo:) (CMRglu) 

mems./min./100 gms 


Mean arterial 
blood pressure 
(MABP) 


Cerebral vascular 

resistance (CVR) 
mm. Helcc./min./ 

dose 

Corti- 100 gms. 


megms. 


Cerebral blood 
flow (CBF) 

cc./min./100 gms. 


Daily 


| 
mm. He cc./min./100 gms. 


Subject Diagnosis 


Post 
treat 


Post Pre- 
treat- | treat 


Post | Pre- 


Pre ’ Post- | Pre- 
Treat treat- | treat 


treat- treat- | treat Treat 


ment 


Treat 
ment 


Treat 
merit 


Treat- 
ment 


ment | ment ment 
Rheumatoid § 54 
arthritis 
Rheumatoid 78 1.00 
arthritis 
Periarteritis | 3 43 1.23 
nodosa 


Ulcerative 
colitis 


Dermatitis 
Rheumatoid 
arthritis 


Silicosis 


Scleroderma 


S.E. 


P Value 


1.79 


<.01 


ment | ment ment | ment ment | ment ment 


1.27 70 2.91 


0.98 


1.60 


(110) 
116 
(1.80) (3.39) 
7; 90 3 2.60 
0.75 86 2.92 | 3.56 
(0.94) (88) (3.69)| (3.03) 
1.38 84.8] 74.1 | 3.57 | 3.67] 3.43 


oF 16.6 76 


AS J 2.8) 16 


<.05 


* Values in parentheses are averages for the multiple determination listed. 


to nine subjects are presented in Table I and Table 
II. There were significant increases in the mean 
CVR from 1.24 to 1.47 mm. Hg per cc. per min. 
per 100 gms. (P = < .01), and MABP from 76 
to 84.8 mm. Hg (P? = < .05) during cortisone 
therapy. However, consequent to a parallel in- 
crease in both these values, no change in CBF oc- 
curred (P= >.2). Neither the increase in 
CMRo, from 3.57 to 3.67 cc. per min. per 100 
gms. (P = > .5), nor the changes observed in the 
CMRglu (P = > .5) were significant. 

ACTH. The data obtained from studies made 
before, during, and after the administration of 
ACTH to 12 subjects are presented in Tables III 
and IV. The mean CBF was unaltered during 
ACTH therapy (P= >.5). The increase in 
MABP (77.2 to 85.3 mm. Hg) is highly signifi- 
cant (P = < .001); the changes in mean CVR 
(1.29 mm. Hg per cc. per min. per 100 gms. to 
1.59 mm. Hg per cc. per min. per 100 gms.) 
(P= > .05), mean CMRo, (3.69 cc. per min. 


per 100 gms. to 3.96 ce. per min. per 100 gms.) 
(P = > .3), and mean CMRglu (5.48 mgms. per 
min. per 100 gms. to 5.25 mgms. per min. per 100 
gms.) (P = >.7) are not. Although the 23 per 
cent increase in mean CVR is not statistically sig- 
nificant, it is to be noted that it returned to its 
pretreatment control value after ACTH was dis 
continued, 

Mean cerebral venous O, content decreased sig- 
nificantly from 10.39 vol. per cent to 9.12 vol. per 
cent (P = < .O1) and cerebral venous CO, con- 
tent increased from 53.44 vol. per cent to 56.81 vol. 
(P= < .05). No other significant 
changes in arterial or cerebral venous blood con- 
stituents occurred. 

The effect of prolonged administration of ACTH. 
In the cortisone series and in most of the subjects 
in the ACTH series the drugs were administered 
as a constant dose for relatively short periods, 
usually two to three weeks. In the three sub- 
jects under consideration here, ACTH was ad- 


per cent 
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2.68 | 3.38 | 
LN. W. | | | 76 73° | 77 4.13 | 4.14 3.80| 7.37] 8.58 
R. H. H. | 73 81 | 69 | 3.75] 4.74] 2.73] 5.31] 8.58] 3.87 
90 4.82 5.92 
| | | (1.22) (86) (4.78) (7.28)| 
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1.53 
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Mean 64.7} 60.2] 56.2 | 1.24 | 5.62] 5.09} 4.68 
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6.4 | 43| 10] .04 | o4| .s7| 00 
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EFFECT OF ACTH AND CORTISONE ON 


CEREBRAL BLOOD FLOW 


TABLE III 


The effect of ACTH on cerebral hemodynamic and metabolic functions 


Cerebral blood 
flow (CBF) 
cc./min./100 gms. 


Subject Diagnosis 


Cerebral vascular 

resistance (CVR) 

mm. Hg/cc./min./ 
100 gms. 


Cerebral metabolic 
rate glucose 
(CMRglu) 

megms./min./100 gms 


Cerebral metabolic 
rate oxygen 
(CMR 
cc./min.{ 100 gms. 


Mean arterial 
blood pressure 
(MABP) 
mm. 


Pre- 
treat- 
ment 


Post- 
treat 
ment 


Pre- 
treat 
ment 


Treat 
ment 
H. A. B. Rheumatoid 54 K 48 
arthritis 


J.J.N._ 


Rheumatoid 
arthritis 


Ulcerative 
colitis 


W.F.G. 


Bronchial 
asthma 
Rheumatoid 
arthritis 
Ulcerative 
colitis 


Dermatitis 
Rheumatoid 
arthritis 


Rheumatoid 
arthritis 


Rheumatoid 
arthritis 


Bronchial 
asthma 


ministered in varying amounts during a three to 
eight month period of time. The dosage schedule, 
duration of treatment, and the results of repeated 
measurements of cerebral hemodynamic and meta- 
bolic functions in these subjects are presented in 
Table V. It can be seen that there is a wide varia- 
tion in all functions during the extended adminis- 
tration of ACTH. No apparent relationship ex- 
ists between these variations and (a) duration of 
treatment, (b) size of the daily dosage of ACTH, 
or (c) changes in the arterial and cerebral venous 


Treat 
ment 


1.43 | 1. 


1.30 
(1.40) 


Post 
treat 
ment 


Pre 
treat 
ment 


Post 
treat 
ment 


Pre 
treat 
ment 


Post 
treat 
ment 


Pre- 
treat 
ment 


Post- 
treat 
ment 


Treat 
ment 


Treat 
ment 


Treat 
ment 


2.50 
7.30 
(4.90) 


1.68 | 77 79 3.31 | 3.63 
3.94 


(3.79) 


2.64 | 4.86 


3.97 | 4.01 5.72 
6.01 


(4.99) 


3.63 
3.46 
(3.55) 


4.03 


4.94 


2.16 


4.11 5.83 


1.69 3.00 
4.65 
4.29 
5.10 
$.47 
3.46 
(4.53 


3.08 
5.32 


10.10 


4.38 
6.15 
4.07 
5.10 
3.80 
(4.49) 


4.20 
(6.37) 


3.77 
4.96 
4.29 
3.64 
3.96 
(4.12) 


3.25 
7.50 


6.30 
5.10 
(5.54) 


4.49 9.00 


3.96 


11.6 1.08 


3.5 


<.001 


blood constituents. There is no evidence to sug- 
gest that they were related to changes in the 
clinical status of the disease for which the patients 
were being treated. 
Cushing's syndrome. 
culation have been obtained from two patients 
suffering from Cushing’s syndrome 
(Table VI), associated with bilateral adrenal hy- 
perplasia. The first patient, B. L. G., was un- 
treated when the studies were done. There is a 
well marked increase in CVR (2.04 mm. Hg per 


Data on the cerebral cir- 


advanced 


2 
Daily | | 
P dose 
| } | : 
| B3 | 
1.17 | | 
, | (68)*} (1.25)! | (85) | 
25 | 100 | 67 52 | 68 | 1.19 | 1.62] 1.12 | 80 | 84 | 76 | 4.69 | 7.48 
| 200 79 1.17 | 93 
(66) (1.40)| | | (89) 
| 49 | 56 | 1.42 | 09 | 80 [asi | 6.58 | 3.92 
100 65 1.26 | 82 5.85 
(61) (1.34)| | (81) (4.89) / 
H. H. | 26 | 100 47 | 62 1.57 | 1.01 | | 74 | 63 mmm | 4.34 6.58 e, 
R. | | 23 | 100 | 62 61 1.16 72 | 89 3.81 | 3.05 
| 
HG. 25 | 100 | 58 36 | 55 | 1.27] 1.97) 1.05] 74 | 71 | 58 | 2.01 | mm] 3.12 | 5.22] 1.80] 5.50 
D.L.G. | Dermatitis | 31 | 100 | 53 53 | $2 | 1.35 | 1.66] 1.36 | 72 | 88 | 71 3.64 
AA Ds | 42 | 100 | 66 25 | 85 |1.05| 3.04] 0.73 | 69 | 76 | 62 | 3.50 | 4.25 
£8. S. 30] 120 | 76 77 1.08 | 1.01 | 82 | 78 4.16 | 
| 80 16 1.08 | 82 
160 84 1.05 88 | | 
20 56 1.52 | 85 
| (73) | (1.17)| | | (83) | | ) 
B. 29 | 120 | 59 | 80 1.33 | 1.06 79 | 8s | 3.99 | | 3.54 
80 82 1.01 83 | 9.02 
160 50 1.70 85 | 6.50 
120 41 2.14 88 | | 5.74 ; 
80 71 84 ‘ 
80 60 78 | é 
| (64) | (84) | | 
36 | 1600 | 69 65 1.09 | 1.29 | 75 | 84 3.46 | | 2.07 
120 | 75 1,17'| 88 | | 
10 75 0.89 | 75 | %, 
160 63 1.37 86 
160 51 1.74 | 49 
(66) (1.27)} (84) 
| woo | 57 | 75 1.75 | 1.59 | 100 | 119 | 3.43 
Mean 111 | 60.9] 57.9] 61.7 | 1.29] 1.59] 1.16 | 77.2| 85.3| 68.2 | 3.69 | | 3.67 | 5.48 | 5.25] 5.22 
S.D. 761 19.41 1031 301.30) 463 60 | 1.77 | 1.70 | 1.47 
S.E. 32] 4.4] 19] 15] 43] 2.6] | 35 | 17] .33| 30] 59] .S7| 
P Value | | >0.5 >.05 >0.3 | >0.7 
* Values in parentheses are averages for the multiple determination listed. : 
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EFFECT OF ACTH AND CORTISONE ON CEREBRAL BLOOD FLOW 


TABLE V 


Cerebral hemodynamic and metabolic functions in three subjects to whom ACTH was administered continuously 
in varying amounts over periods of from three to eight months 


Megms. of Duration of 
ACTH /24 treatment 


hours being in days 
administered at time 
at time studies studies 
were made 


Subject Disease 


were made 


CBF 
100 gms. 


CVR 
mm. Hg/cc./ 
min./100 gms. 


CMRO: 
cc. /men./ 
100 gms. 


CMRglu 
mgms.j/min 
100 ems. 


MABP 
mm. He 


Rheumatoid 


arthritis 


Rheumatoid 
arthritis 


Rheumatoid 
arthritis 


cc. per min. per 100 gms.) and MABP (137 mm. 
Hg). CBF (67 cc. per min. per 100 gms.), 


CMRo, (4.13 cc. per min. per 100 gms.), and 
CMRglu (5.36 mgms. per min. per 100 gms.) are 


well within normal limits. 
By 
tion of an intensive and generally satisfactory 
program of treatment which included irradiation 
of the pituitary gland, sodium restriction, and the 
administration of supplementary potassium. The 
blood pressure had returned to near normal levels, 
the edema had been controlled, and the metabolic 
alkalosis corrected at the time the studies were 
made. The CVR (1.59 mm. Hg per cc. per min. 
per 100 gms.) and MABP (92 mm. Hg) are 
slightly increased above the mean values for nor- 
mal men of this age group. Cerebral blood flow 
(58 cc. per min. per 100 gms.), CMRo, (4.12 ce. 
per min, per 100 gms.), and CMRglu (6.38 mgms. 
per min, per 100 gms.) are well within normal 
limits. 


In the second patient, 
the studies were made after the institu- 


DISCUSSION 


A consideration of the mean values of the func- 
tions measured in these two groups of patients 
shows that the CBF is not altered by the adminis- 
tration of cortisone or ACTH. These results are 


3.99 3.54 
4.38 
6.15 
4.07 
3.41 
5.10 
3.80 


4.16 
4.65 
4.29 
5.10 
3.46 


3.46 
4.96 
4.29 
3.64 
3.96 


1.33 
1.06 
1.01 
1.70 
2.14 
1.18 
1.30 


9.02 
6.50 
5.74 
6.39 
4.20 


§.32 
3.08 


1.08 
1.01 
1.08 
1.20 
1.05 


1.09 
1.29 
0.89 
1.37 
1.74 


10.10 
3.36 


2.07 
3.25 
7.50 


6.30 
5.10 


similar to those of Alman and Fazekas (5), who 
found no changes in cerebral hemodynamics or 
metabolism in a small group of patients during the 
first three to four days of administration of ACTH. 
Schieve, Scheinberg, and Wilson (6), however, in 
a larger series of patients, treated over a longer 
period of time, a study more comparable to the 
present one, found a significant decrease in CBF 
during the administration of ACTH. 
consequence of a marked increase in calculated 
mean CVR. Their findings suggest that the in- 
crease in vascular resistance that has occurred in 


This was a 


the brain is of greater magnitude than that of the 
body as a whole. The findings of this study, on 
the other hand, would indicate that the increase 
in cerebral vascular tone that may occur during the 
administration of ACTH and cortisone is simply 
a reflection of the increase in total peripheral re- 
sistance. Hemodynamically, the changes are iden- 
tical to those known to exist in essential hyper- 
tension, t.e., parallel increases in MABP and 
CVR; normal CBF (7). 
arterial and cerebral venous CO, content ob- 
served during treatment with both cortisone and 
ACTH are slight and are not statistically signifi- 
cant except in the case of the cerebral venous blood 
in the ACTH series. 


The increases in mean 


Nevertheless, they may re- 
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flect the presence of a mild metabolic alkalosis in 
these subjects. Unfortunately, our data on blood 
pH are inadequate to substantiate this point. The 
small reduction in mean arterial and cerebral ve- 
nous blood sugar that occurred during the adminis- 
tration of both cortisone and ACTH may have 
been a consequence of increased insulin produc- 
tion or decreased production of growth hormone, 
or both (8-11). 

A consideration of individual subjects in both 
the cortisone and ACTH treated series reveals an 
occasional instance in which a striking reduction 
in CBF occurred during the administration of the 
drug, with return to its control value after treat- 
ment was discontinued. (H.'G. and A. L. D. in 
the ACTH series and T. J. L. in the cortisone se- 
ries.) The remainder of the cases fall in general 
into two groups: (a) those in whom a parallel 
rise in MABP and CVR occurred without a change 
in CBF and; (b) those in whom the CVR was un- 
changed, with variations in CBF apparently de- 
pendent upon changes in MABP. 

In those patients studied repeatedly during the 
long continued administration of ACTH, no 
changes in cerebral hemodynamics or metabolism 
were observed that could be attributed to the drug, 
the size of the dosage or duration of administration. 


Venous 


pH 
Arte- 
rial 


A-V 
glucose 


Venous mems. % 


megms. 


Glucose 


Arte- 
rial 


COs tension 


CO: content 


= 
= 
< 


The data provide no clear explanation for the 
cause of the increase in CVR observed in the ma- 
jority of patients who are treated with ACTH or 
cortisone, and in the patients with an endogenous 
abundance of adrenal cortical hormones due to 
Cushing’s syndrome. The cerebral blood vessels 
are known to show profound vasomotor responses 
to changes in blood CO, tension, O. tension, and 
pH (12), but the observed hemodynamic altera- 
tions could not be correlated with changes in blood 
gases. It is unlikely that the increases in arterial 
and venous CO, content during treatment, which 
are suggestive of the presence of mild metabolic 
alkalosis, are related to the cerebral circulatory 
changes that occurred, since experimental alkalo- 
sis in humans is known to dilate rather than con- 
strict cerebral vessels and is accompanied by an 
increase in CBF (13). It seems most likely that 
the hemodynamic changes in the cerebral circula- 
tion simply reflect changes occurring in the gen- 
eral circulation. The findings do not support the 
contention that ACTH or cortisone consistently 


O: content 


CMRglu 
mems. man. 
100 gms 


CMRO; 
min. 
100 gms 


ce. 


Cerebral hemodynamic and metabolic functions in 2 patients with Cushing's syndrome 


min 


CVR 
mm. He 
100 gms. 


CBF 
cc.omin 
100 gms. 


MABP 
mm. He 


F. V. B., age 29, 


treated with 
diation and salt 


pituitary irra- 
restriction 


B.L. G., age 36, 
untreated 
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exerts a specific local effect on the cerebral vascu- 
lature. In an occasional individual there occurs 
a reduction in CBF, of such magnitude and re- 
versibility when the drug is withdrawn, to sug- 
gest strongly that a degree of cerebral vasocon- 
striction has been induced that is out of proportion 
to the increase in total peripheral resistance mani- 
fest in that individual. The cause for this ap- 
parent local increase in CVR in an occasional pa- 
tient is not known. Changes in blood O, content 
or CQO, content of sufficient magnitude to ac- 
count for them did not occur; they are too large 
to be within the range of normal variation ; we have 
no reason to believe they are the result of technical 
errors; they do not appear to be related to changes 
in the clinical course of the diseases for which the 
patients were being treated. 

In spite of the profound metabolic effects of 
ACTH and cortisone, and the fact that the adrenal 
steroids traverse the blood-brain barrier and might 
easily affect cerebral enzyme systems, the adminis- 
tration of these hormones did not alter the total 
oxygen or glucose consumption of the brain. How- 
ever, all the patients exhibited some change in per- 
sonality of greater or lesser degree during the 
course of treatment. Most of them developed a 
positive sense of well being, irrespective of the 
clinical status of their disease; some became eu- 
phoric, one (W. F. G.) suddenly became belliger- 
ent and expressed ideas of persecution. One of 
the patients (L. R. C.) who received ACTH for 
several months became frankly psychotic after 
a long period of progressive change in mood. 
No correlation exists between these mental changes 
and the cerebral circulatory and metabolic func- 
tions that were measured. These data support 
the concept that the bulk of oxygen and glucose 
consumed by the brain is used to maintain its 
structural integrity and throw no light on the 
biochemical or biophysical changes associated with 
changes in mentation. 


SUM MARY 


1. Measurements of cerebral circulatory and 
metabolic functions were made in a series of pa- 
tients before, during, and after treatment with 
cortisone and ACTH. 
in two patients with Cushing’s syndrome. 

2. Parallel increases in the means of arterial 
blood pressure and cerebral vascular resistance 


Similar studies were made 
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occurred in both the cortisone and ACTH treated 
patients. 
unchanged. 


The mean cerebral blood flow remained 
The results are interpreted to mean 
that the cerebral circulation shares equally in an 
increase in general peripheral vascular resistance. 
ACTH and cortisone do not appear to exert a 
specific, local effect upon cerebral blood vessels. 
Similar changes in the cerebral circulation, that is, 
parallel increases in MABP and in CVR, with 
normal CBF were found in two subjects with 
Cushing’s syndrome, 

3. Significant changes in the mean cerebral 
utilization of oxygen and glucose did not occur 
during the administration of cortisone or ACTH. 
Cerebral oxygen and glucose utilization were nor- 
mal in patients with Cushing’s syndrome. 

4. These studies provide no explanation for the 
mental changes that occurred during the adminis- 
tration of cortisone and ACTH. 
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Thromboplastin inhibitors in the blood have re- 
ceived little attention until recently. Tocantins 
has presented evidence during the past decade 
which supports the view that a thromboplastin in- 
hibitor exists in normal plasma (1, 2). His work 
has culminated in the isolation of a lipid inhibitor 
from normal human plasma which he named “anti- 
cephalin” (3). This factor is a strong inhibitor of 
clotting apparently acting as a thromboplastin 
antagonist. It is isolated as the methyl alcohol- 
soluble, ether-soluble fraction of plasma and is ob- 
tained from the hemophiliac in a form several 
times more active than normal. This fundamental 
information is made even more interesting by To- 
cantins’ recent observations that hemophilic plasma 
euglobulins, after proper dilution, can promote 
clotting in whole hemophilic plasma (4). 

Overman and Wright described an inositol phos- 
phatide which was separated from plasma as well 
as from tissues and from soy beans (5,6). This 
lipid is an inhibitor of clotting which was thought 
to act in a complex manner involving thrombo- 
plastin. A method of preparation of the inhibitor 
was not published but it is assumed that the pro- 
cedure was similar to that described by Tocantins 
(3). Fiala has described a protein inhibitor of 
clotting which is adsorbed from oxalated plasma 
by barium carbonate, barium sulfate and celite (7, 
8). The manner of action of this inhibitor was 
not described. 

Much more impressive as an indication of a 
thromboplastin inhibitor in serum is the work of 
Schneider (9) and of Thomas (10). These in- 
vestigators demonstrated independently that hu- 
man serum can effectively inactivate tissue throm- 


boplastin. Both used an in vivo assay technic for 
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thromboplastin which was based on the ability of 
this substance to kill mice when injected intra- 
venously. The rapid death which resulted from 
injection of toxic doses could be prevented by pre- 
liminary incubation of the thromboplastin with 
serum. The inhibitor ‘n serum was found to be 
heat labile. Thomas was able to show that serum 
had no effect on thromboplastin when calcium was 
removed by dialysis or by addition of oxalate. He 
isolated thromboplastin by high speed centrifuga- 
tion after it had been incubated with serum in the 
presence of calcium. The sedimented material had 
no effect when injected into mice but its clotting 
activity was completely restored by addition of 
oxalate. The inhibitor was separated from serum 
with ammonium sulfate between the levels of 25 
and 50 per cent saturation and was not dialyzable 
through cellophane membranes. 

Thomas’ experiments provided proof that throm- 
boplastin is inactivated by incubation with serum in 
the presence of calcium (10). Peculiarly enough, 
however, neither Schneider nor Thomas was able 
to demonstrate this effect successfully when 1 
vitro thromboplastin assay systems were used. 
The incubation of thromboplastin with serum and 
calcium appeared to result in acceleration of 
clotting. 

Making use of Thomas’ observations, Mc- 
Claughry succeeded in identifying a thromboplastin 
inhibitor from bovine lung extract (11). The 
thromboplastin in this preparation, which con 
tained large amounts of blood, was first sedimented 
by high speed centrifugation in the presence of 
calcium ions. The inhibitor was then dissociated 
from the sediment by addition of oxalate followed 
by subsequent separation from the thromboplastin. 
It was then shown to have the property of inac- 
tivating thromboplastin in the presence of calcium 
ions and it had no demonstrable effect on other 
purified clotting components. The inhibitor was 
non-dialyzable, and gave positive tests for protein. 
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In the work to be presented, an in vitro technic 
is described for identification of a thromboplastin 
inhibitor in human serum and in treated human 
plasma. The factor is heat labile, non-dialyzable 
and can be separated from human serum by am- 
It was found to be 


quite stable in serum at room temperature. It 


monium sulfate fractionation. 


requires calcium ions in order to inactivate throm- 
boplastin and its effect is rapidly reversed by re- 
moval of the calcium. 


EXPERIMENTAL 
A. Materials and Methods 


1. Saline-imidazole buffer. Buffer of pH 7.4 was pre- 
pared by dissolving 3 grams of imidazole, C.P. (Fdcan 
Laboratories) in 975 ml. of 0.7 per cent sodium chloride 
solution and 25 ml. of 0.5 N hydrochloric acid. 

2. Thromboplastin. Most of the work to be described 
has been done with thromboplastin of human origin, al- 
though rabbit brain thromboplastin has been demonstrated 
to behave similarly. Human brains, removed from cadav- 
ers not more than 24 hours post mortem, were used as 
a source of thromboplastin. The brains were freed of 
blood vessels, minced in a Waring Blendor and dried with 
acetone by standard technics. Five grams of dried brain 
were extracted with 100 ml. of 0.9 per cent sodium chloride 
containing 0.002 M_ potassium oxalate.2 The extraction 
was carried out at 45° to 50° C. for approximately 30 
with stirring. 
brain was then freed of gross particles by light centri 
fugation. 

The work to be described demanded a semi-purified 
thromboplastin preparation which could be sedimented 
by high speed centrifugation and recovered in high yields. 
This was accomplished by centrifuging the crude product 
described above for two hours at 28,000 G. in an angle 
head. The white pellet of thromboplastin was then re- 
suspended in its original volume of oxalated saline with 
the aid of a Potter-E):-hjem glass homogenizer. This 
process was then repeated two more times. After the 
last centrifugation, the sediment was taken up in saline 
imidazole buffer to 10 times its original volume. This 
preparation was almost water clear and was found to re- 
tain its activity when stored for several months at — 20° C. 

3. Prothrombin-free beef plasma. This reagent was 
used in our clotting system to provide a stable source of 
fibrinogen and accelerator globulin. It has been used 
quite successfully for a number of years in a modified one- 
stage prothrombin test (13). Freshly collected beef blood 
was added to a solution of 0.1 M potassium oxalate (pro- 
portion of 9 to 1). The plasma was removed after cen- 
trifugation and mixed with freshly precipitated barium 
sulfate. 
dium sulfate were mixed and the precipitate was washed 


minutes occasional The suspension of 


Equimolar solutions of barium chloride and so- 


2 The inclusion of a small amount of oxalate in the 
saline solution results in a more active product (12, 13). 
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twice with distilled water. Two grams of centrifuged 
packed barium sulfate (dry weight) were added to each 
100 ml. of plasma, thoroughly dispersed and allowed to 
stand at room temperature for about 30 minutes. The 
barium sulfate was then removed by centrifugation and 
each 100 ml. of plasma was run through a Seitz filter of 
40 to 50 per cent asbestos content. The plasma was 
then dialyzed against saline until free of oxalate and 
diluted with an equal volume of 0.9 per cent sodium chlo- 
ride containing 0.6 per cent imidazole. The resultant solu- 
tion was then adjusted to pH 7.4 with 0.5 N hydrochloric 
acid and frozen at — 20° C. 

4. Clotting system for demonstrating thromboplastic 
activity. Prothrombin-free beef plasma was used as a 
stable source of fiibrinogen and accelerator globulin. 
As a source of prothrombin, freshly-reconstituted dried 
The plasma had been dried 
originally in 1945 and was found to contain a normal 
amount of prothrombin which remained stable for many 
hours after reconstitution (13). For the purpose of this 
test it was diluted with distilled water to 10 times the vol- 
ume of the original plasma. Thromboplastin and an op- 
timal amount of calcium were also added to provide a 
clotting system which was quite sensitive to changes in 
thromboplastic activity. 
produced on successive working days and gave remark- 


human plasma was employed. 


The entire system was easily re- 


ably constant clotting times with thromboplastin of known 
activity. 

All tests were carried out at 37° C. The reagents were 
preheated to 37° C. and then added to 75 X 10 mm. test 
tubes in the following amounts and order : 


0.1 ml. of prothrombin-free beef plasma 

0.1 ml. of reconstituted dried human plasma (1 to 10) 

0.1 ml. of buffer 

0.1 ml. of thromboplastin 

0.1 ml. 0.015 M calcium chloride (optimum 0.01 to 
0.02 M) 


In the absence of thromboplastin, this system clotted 
in approximately 480 seconds. With a thromboplastin 
which gives 12 to 13 seconds with normal plasma in the 
one-stage prothrombin time, this system will clot in ap- 
Using the purified thromboplastin 
described above, clotting times of about 40 seconds are 
obtained. Dilutions of this 
progressively longer clotting times which are indicated in 
Figure 1. The logarithm of the thromboplastin concen- 
tration in this system was found to be a straight line func- 
tion of the negative logarithm of the clotting time over a 


proximately 33 seconds. 


thromboplastin result in 


wide range. 


B. Results 


1. Demonstration of thromboplastin inhibitors 
in serum. When normal human serum was sub- 
stituted in the clotting system above in place of 
the buffer, a small amount of acceleration of clot- 
ting was usually noted. When the thromboplastin, 
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THROMBOPLASTIN INHIBITOR IN PLASMA 
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PERCENT OF THROMBOPLASTIN 


CiLotrinc TIMES Propucep BY THROMBOPLASTIN OF VARIOUS 
CONCENTRATIONS 


Clotting system described in text. 


calcium chloride and serum were allowed to in- 
cubate at 37° C. before being added to the other 
two components of the clotting system, variable 
responses were obtained with different sera. As a 
general rule, an acceleration phase developed dur- 
ing the first few minutes which was then followed 
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by inhibition. Fresh serum usually exhibited more 
acceleration than aged serum. A typical experi- 
ment with aged serum is presented in Figure 2. 

It was suspected that the acceleration phase was 
dependent upon the amount of prothrombin §re- 
maining in the serum as well as upon the evolu- 
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tion of an accelerator which was not present in our 
test system. Such a factor has been described re- 
cently in the literature (14-17). Since this fac- 
tor, as well as prothrombin, is known to be ad- 
sorbed on barium sulfate it was of interest to test 
the inhibition with serum which had been adsorbed 
with sulfate. Previous experience had 
shown that the accelerator factors can be removed 
more efficiently with barium sulfate when oxalate 
is present. Therefore, oxalate was added to the 
serum to a strength of 0.02 M and freshly pre- 
cipitated barium sulfate was added at a concen- 
tration of 2 grams (dry weight) per 100 ml. 
of oxalated serun’, The suspension was dispersed 
thoroughly, allowed to stand at 37° C. for 45 min- 
utes and the barium sulfate was removed by cen- 


barium 


trifugation. The serum was then dialyzed against 
saline until free of oxalate and adjusted to pH 7.4 
with 0.5 per cent acetic acid. 

When the barium sulfate-adsorbed serum was 
incubated with thromboplastin and calcium chlo- 
ride, a marked inhibition of thromboplastin ac- 


tivity was apparent almost immediately. When 
130 5 
120 + 


110 


CLOTTING TIME (seconds) 
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calcium was eliminated during the incubation pe- 
riod, the inhibition of thromboplastin was much 
less. The results of a typical experiment are pre- 
sented in Figure 3. When expressed in terms of 
thromboplastin activity (ordinates to the right of 
Figure 3) it is apparent that the serum was capable 
of inactivating more than 95 per cent of the 
thromboplastin. 

When a smaller amount of thromboplastin was 
incubated with adsorbed serum in the presence of 
calcium, the inhibition took place in a similar man- 
ner (Figure 4). The thromboplastin used for this 
experiment (Figure 4) was one-tenth the con- 
centration employed previously. The clotting ac- 
tivity was reduced to a level of 213 seconds after 
a 100 minute incubation period with serum. When 
the more concentrated thromboplastin was used 
(Figure 3), the inhibition reached a maximum at 
a clotting activity of 107 seconds. The difference 
in actual thromboplastin concentration between 
107 and 213 seconds is approximately five-fold 
(see Figure 1). Thus, the activity of the throm- 
boplastin remaining after incubation appears to be 
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DiLuTED THROMBOPLASTIN AND CALCIUM CHLORIDE INCUBATED TOGETHER AT 37° C 
AND AbDbDED TO A CLOTTING SYSTEM AT INTERVALS 


Reagents incubated 


A. Adsorbed serum, diluted thromboplastin and calcium 
B. Diluted thromboplastin, calcium and buffer 


proportional to the quantity of thromboplastin 
used, 

2. Sedimentation of inhibited thromboplastin 
and subsequent reactivation by removal of calcium. 
To demonstrate that the phenomenon illustrated in 
Figures 3 and 4 is actual inhibition of thrombo- 
plastin, the following experiments were performed. 
One volume of barium sulfate-adsorbed serum was 
incubated with 1 volume of thromboplastin and 1 
volume of 0.015 M calcium chloride for a period 
of two hours at 37° C. The thromboplastin was 
then sedimented at 28,000 G. for two hours at 0° 
C. At the end of this period the supernatant was 
carefully removed by decantation and the thrombo- 
plastin was resuspended in 3 volumes of buffer 
containing 0.005 M calcium chloride. The sus- 
pension was dispersed with the aid of a glass homo- 
genizer before its clotting activity was tested. 
A duplicate experiment was performed in which 
the thromboplastin was treated in exactly the 
same manner except that it was resuspended and 
homogenized in buffer alone, the calcium chloride 
being added immediately before testing its clotting 
ability. Two controls were also run; one in which 
thromboplastin was incubated with calcium and 


buffer and the other in which thromboplastin was 
incubated with serum and buffer. Both were then 
sedimented, resuspended and homogenized in buf- 
fer containing 0.005 M calcium chloride. 

The clotting times of the four thromboplastins 
described above were then determined as before 
by adding 0.3 ml. of each resuspended homogenized 
sediment to 0.2 ml. of an equal mixture of pro- 
thrombin-free beef plasma and reconstituted hu- 
man plasma. The clotting times are indicated in 
Table I along with the apparent amount of throm- 
boplastin activity interpolated from Figure 1. Ex- 
cept in experiment 2 of Table I, the results are 
the average of two experiments. 

It is apparent from the first experiment in Table 
I that serum actually inhibits thromboplastin in 
the presence of calcium. Only 5 per cent of the 
activity remained whereas, in experiment 3, throm- 
boplastin not incubated with serum was demon- 
strated to be completely recoverable. It is of in- 
terest that there was no apparent difference in the 
quantity of the thromboplastin sediments in ex- 
periments 1 and 3. This indicates that the in- 
hibitor does not change appreciably the physical 
properties of the thromboplastin. The action 
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TABLE I 


Clotting properties of thromboplastin after incubation with adsorbed, dialyzed serum in 
the thromboplastin was sedimented after 
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incubation and then reconstituted in buffer or in buffer containing 


calcium 


MIXTURE THROMBOPLASTIN 
Exp. No. | INCUBATED | THROMBOPLASTIN 
or RECONSTITUTED in SECONDS | ACTIVITY 
| | RECOVERED 
| Serum 0.005 | 
| Caicium Calciue | 106 5 
| TPLW.* | 
Serum 
2 | Calcium Buffer 42 | 85 
| Buffer 0.005 
3 | Catclum Calcium in MO 100 
TRLN. Buffer | 
y ater Calcium In 40 100 
TPLM. Buffer | | 
Supernatant from 465 then 


5 which contained 0 
Caiciua and buffer. 


TPLN. 


of the inhibitor was completely prevented by elimi- 
nating calcium during the incubation period (ex- 
periment 4) and the thromboplastin was actually 


recovered in 100 per cent yield. Experiment 2 
provides confirmation of Thomas’ observations 


that the effect of the inhibitor can be reversed by 
removal of calcium (10). In this experiment, the 
serum and thromboplastin were incubated in the 
presence of calcium but the thromboplastin sedi- 
ment was resuspended in a calcium-free medium. 
This resulted in the regeneration of most of the 
thromboplastic activity. 

The supernatant serum from experiment 1 was 
examined for clotting properties after the throm- 
boplastin had been sedimented. The clotting time 
of 405 seconds was almost the same as the clotting 
time of the system without serum or thrombo- 
plastin (480 seconds). 
little active thromboplastin remained in the super- 
natant and also eliminates the possibility of the 
production of an inhibitor when thromboplastin, 
serum and calcium were incubated together. 

3. Effect of oxalate upon the demonstration of 
thromboplastin inhibitor in serum. An assay sys- 
tem was originally used which contained oxalate 
in the prothrombin-free beef plasma. This was 
compensated for by adding enough calcium chlo- 
ride in the final step to react with the oxalate and 
to provide an optimal amount to achieve the short- 


This indicates that very 


Thromboplastin 


est clotting time. It is of interest that this system 
did not demonstrate as much inhibition of throm- 
boplastin as the oxalate-free system described ear- 
lier. This was interpreted to mean that the oxalate 
caused partial reversal of the inhibition during the 
short period when the thromboplastin and the 
prothrombin-free beef plasma were in contact be- 
fore clotting took place. 

In order to demonstrate the effect of oxalate, 
prothrombin-free beef plasma was prepared con- 
taining two different concentrations of potassium 
oxalate, 0.015 M and 0.03 M. The clotting system 
was examined using untreated thromboplastin to 
find the optimum level of calcium chloride. This 
was found to be 0.025 M for both oxalate con- 
centrations and the clotting times were found to be 
slightly shorter when oxalate was present. The 
thromboplastin was incubated with equal volumes 
of barium sulfate-adsorbed serum and 0.025 M. 
calcium chloride. At intervals, aliquots were re- 
moved and tested for clotting activity as before 
except the oxalate containing prothrombin-free 
beef plasma was used. The results are indicated 
in Figure 5, and compared to the oxalate-free 
system. It is apparent that thromboplastic ac- 
tivity is influenced by the presence of soluble oxa- 
lates. Much better success has been achieved in 
demonstrating inhibition of thromboplastin when 
oxalate-free systems are used. 
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4. Properties of the inhibitor in serum. Vhe re- 
sults reported above are reproducible with both 
fresh and aged human serum. The inhibitor ap 
20° (No 


in serum) heated 


pears to be stable when frozen at 
inhibitor activity can be detected 


to 36° ©. for 30 minutes. Tt has been found that 
the inhibitor becomes quite unstable after the se 
rum is dialyzed and frozen, It is not yet known 
whether this instability is the result of the removal 
of calemm., 

The inhibitor appears to be almost entirely pre 
cipitated from adsorbed serum) with ammonium 
sulfate between the levels of 40 and 50 per cent of 
The inhibitor isolated in this 
he It deteri 


when solution 


saturation at O° ( 


manner appears to water soluble 
somewhat frozen in and 


20" 


orates 
is retained if 
It 
Is not possible to reverse the action of the inhibitor 


stored at but the activity 


1 


itis dried immediately from the frozen state. 


with protamine sulfate. When thromboplastin is 
combined with adsorbed serum and calcium it is 
not possible to demonstrate the production of a 
thrombin inhibitor 

When 


sulfate-adsorbed plasma was tested for thrombo 


5. Inhibitor levels plasma. barium 


plastin inhibitor in the manner described above the 


1 in each experiment 
results were similar to serum except that accelera 
tors appeared to mask the effect somewhat. 


DISCUSSION 


This investigation has provided additional sup 
port for the existence of a factor in human plasma 
and serum which inhibits tissue thromboplastin 
and confirms Thomas’ experiments which indicate 
that the inhibitor requires calcrum and that re 
the 


Other investigators have been only partly success 


moval of the calcium will reverse reaction 


ful in demonstrating this inhibition with am attro 


assay systems, The reason for this appears to be 


two-fold: 7) clot accelerators which are produced 
by incubation of thromboplastin with serum and 


the 


the clotting 


calcium have masked part of inhibition and 
2) the 


causes a partial reversal of the thromboplastie im 


inclusion of oxalate in ystem 


hibition. 


The question arises as to the nature of the im 


hibitory activity. The evidence available indicates 


that the inhibitor 1s bound to the active groups of 
the thromboplastin molecule manner which 


The 


work of MeClaughry (11) which was cited earlier 


is easily reversed by removal of calcium ions. 
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lends strong support to this thesis. He was able 
to isolate the inhibitor by adsorbing it on thrombo 
plastin in the presence of caleium and then re- 
moving it by adding oxalate. 

A comparison of the properties of this inhibitor 
with the lipid inhibitor of Tocantins (3) was made. 
The latter was more stable to heat and its inhibi 
tory action on prothrombin conversion to throm- 
hin was not dependent on meubation with thrombo- 
plastin. Ammonium sulfate fractions of thrombo 
plastin inhubitor did not contain significant amounts 
of lipid inhibitor (18) even though the original 
plasma yielded amounts comparable to those re 
ported by Pocantins. These observations indicate 
that the two factors are not the same. 

The thromboplastin inhibitor is also different 
Irom the protem imbibitor recently deseribed by 
(7, 8) 


factor is adsorbed on barium carbonate, barium 


This investigator reports that his 
sulfate, and celite. The latter, which was reported 
to be the most efficient adsorbing agent, has no 
demonstrable effect on the thromboplastin inhibitor 
of serum. Similarly, there is no observable change 
in the thromboplastin imactivating property of se 
rum when it 1s adsorbed with 10 times the amount 
of barium sulfate recommended above. 

The part played by this inhibitor in the main- 
tenance of blood fluidity may be of importance. 
Tocantins has demonstrated that dilution of blood 
(4) or 
hemorrhage (19) wall accelerate clotting. 


mm vivo as the result of severe 

This 
effect may be due to dilution of a thromboplastin 
inhibitor. It is also possible that plasma contains 
a thromboplastin-inhibitor complex which liberates 
Such a 


mechanism could readily explain the hyper-coagu- 


thromboplastin when calcium is removed. 


lability of freshly collected oxalated or citrated 
that 
normal and hemophilic bloods demonstrate sig 


plasmia Recently, Hlonorato has found 
nificantly faster clotting when the calcium concen- 
tration is decreased (20). It has also been sug- 
gested by a number of investigators that the in- 
travenous injection of oxalate causes a coagulant 
effect (21, 22). 
place in the norma! person as well as in the hemo- 
philiac (23-25). 


This has been reported to take 


A study of this problem is being 
carried out in this laboratory with calcium-binding 
experiments have shown 


agents. Preliminary 


that sudden binding of a portion of the blood cal- 


cium will produce a significant coagulant effect in 
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some hemophiliacs (18). The coagulant effect 
is of short duration and appears to be only a frac- 
tion of the response obtained with fresh normal 


blood. 
SUMMARY 


evidence is provided which lends additional sup- 
port for the existence of a factor in human serum 
and plasma which inhibits tissue thromboplastin. 
The heat-labile (56° C.), 
dialyzable and can be separated from serum by 


inhibitor is non 
ammonium sulfate between the levels of 40 and 50 
per cent saturation, [tis stable in serum at room 
temperature. It appears to be different from the 
lipid inhibitors described by others 

The inhibitor appears to act on the thrombo- 
Its effect 
removal of the calcium, thus 


plastin only in the presence of calcium. 
can be reversed by 
restoring the original clotting properties of the 
thromboplastin. 

The role of this inhibitor in the maintenance of 
blood fluidity may be of some importance. 
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Your Centrifuge 
Refrigerated . . . 
with Great Savings 


Now vou can have a refrigerated centriftye ata 
price that will amaze you! Here's the story: You 
send your centrifuge to our plant we will 
refrigerate and enclose it: in a modern, white baked 


enamel aluminum cabinet. Your centrifuge, com 
pletely refrigerated, wiki be returned to you ina short 
time. Sub-Zero refrigerated centrifuges are now i 
use in leading research hiboratories throughout the 


country 


SUB-ZERO ULTRA LOW 
TEMPERATURE TEST CABINET 


These high quality, ultra-low temperature test 
cabinets are custom-made to your specifications. 
Femperatures as low as — 140° F, with controlled 
accuracy. Aluminum construction, with white baked 
enamel finish, and with handy work-table top. 
Hlustrated is a 5 cu ft. model, but cabinets of any 
size are available for your particular requirements. 


SUB-ZERO BIOLOGICAL CABINET 


A compact, modern refrigerated biological cabinet) with 
storage drawers for safe, convenient storage of drugs and 
medicines. Available temperatures as low as 10° 
and in a variety of sizes 
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SUB-ZERO FREEZER CO., INCORPORATED 


Madison, Wis. 
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Regi tine’ 


(phentolamine methanesulfo- 
nate Ciba), preferred in the 
diagnosis of pheochromocyto- 
ma, the cause of the most com- 
mon form of hypertension of 
known etiology. The injection 
of this adrenergic blocking 
agent affords an accurate test 
that is relatively safe, and can 
be simply performed by any 


physician, unassisted, in his three new agents 


office. 
Yo in the control of 
hypertension 
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/ 
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| Complete infermation 

| a can be obtained by writing to 
L the Medical Service Division, 
Ciba Pharmaceutical Products, Inc., 
Summit, New Jersey. 
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Apresoline’ 


hydrochloride (hydralazine hydrochlo- 

ride Ciba), an agent of choice (for use) in 

the treatment of hypertension. This orally 

' effective antihypertensive is believed to 

K ~ — act centrally to produce a gradual, sus- 

Z tained decrease in blood pressure while 


chioride (hexaniethonim increasing blood flow throughthe kidneys. 


chloride Ciba), a potent 
oral hypotensive agent, 
may be particularly valu- 
able in those patients with 
severe hypertension which 
has failed to respond to 
Apresoline. Esomid aets as 
a ganglionic blocker, in- 
hibiting the transmission 
of impulses through all 
autonomic ganglia. 
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THE PERKIN-ELMER 


INSTRUMENT DIGEST 
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STRUMENT 

mer Cor 

rored 

Spe Jniversal 
Monochromator 


ntrared 


Analyser, Low-level Amplifiers —- as well as Astronomical 


Equipment, Thermocouples, Pt otograpni lenses Crystal 


Optics, and special parts and equipment tor the government 
Write The Perkin-Elmer Corporation, Norwalk, Connecticut, 
for more detailed information. 


Southern Regional Office. New Orleans, Louisiana 


Norwalk, Conn. 
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Infrared Determination 


Model 12C Spectrometer at Merck & Co 


The importance of deuterium in chemical, biochem- 
ical and process development tracing studies as well 
as in isotope dilution assay methods may now be 
regarded as well established. Any improvement in 
reliability and precision of method, whereby deu- 
terium can be determined in water, naturally is of 
primary interest to investigators in these fields. 

A method is described in detail in the Fall 1982 
issue Of INSTRUMENT NEWS that can be carried out 
directly on liquid water samples as small as 10 mg. 
It covers a concentration range of 0-5 percent. 

* Deuterium Shift The spectrophotometry is made 
possible by the magnitude of the shift in wavelength 
(of the stretching frequency) which accompanies 
the substitutes of a deuterium atom for one of the 
hydrogen atoms of water. This shift) from 2.8 
microns to 4.0 microns (for the fundamental) cor- 
responds to a factor approximately equal to ¥ 2 and 
is in accord with fundamental theory for a doub- 
ling of the mass of the atom involved. The intensity 
of the O-D band can be measured spectrophoto- 


Receive 8-page Instrument News 
Write The Perkin-Elmer Corporation 
835 Main Avenue, Norwalk, Connecticut 
Featured in past issues: 

INFRARED DETERMINATION OF DEUTERIUM IN LIQUID 
WATER 
Article by N. R. Trenner and R. W. Walker 
BIG GLASS 
Fabricating large optical pieces Fall 1952 
NEW MODEL 13 INFRARED SPECTROPHOTOMETER OPERATES 
SINGLE OR DOUBLE BEAM Winter 1953 


Fall 1952 


of Deuterium in Water 


metrically and thus provides a determination of the 
deuterium content of the water sample. 

About two years ago, an infrared spectrophoto- 
metric technique for the determination of deuterium 
in water based on the principle outlined above was 
described. Extensive experience with the method 
revealed that it suffered from a lack of adequate 
reproducibility (precision). This was found to be 
due to an unexpectedly large temperature coefficient 
of the absorbance of the O-D band at 3.98 microns. 
This was eliminated by the construction of a thermo- 
statted absorption cell. It is now possible to obtain 
deuterium assay values in the region of 2 percent 
with a precision of +.01 units, e., +1 percent. 
From an article by N. R. Trenner and R. W. Walker 
in the Fall, 1952, INSTRUMENT NEWS. 


Perkin-Elmer Opens New Southern 
Regional Office in New Orleans 


A Perkin-Elmer sales and service office was opened 
in New Orleans’ Lee Circle Building. Headed by 
Seymour G. Linsley, the new office will provide 
sales and service assistance to present and potential 
users of Perkin-Elmer equipment in the south and 
southwest, 

An important feature of the office is the lab- 
oratory-showroom where operating models of all 
Perkin-Elmer instruments are installed and sample 
infrared spectra will be run. Repair and service 
facilities will also be available from the New Orleans 
office. 

Visitors to New Orleans are invited to inspect 
our new office. Trained personnel will be happy to 
assist with your infrared and analytical problems. 
Working models of Perkin-Flmer infrared spec- 
trometers, flame photometers and Tiselius Electro- 
phoresis Apparatuses are on display. 
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Patented 


“LAB-AID” EXPEDITERS 


— they speed-up laboratory chores 


lechnicon paraffin knife 


110 Volts AC - DC 
25 Watts 


makes work with paraffin-embedded tissues quick 
and easy. Great for cutting large blocks into small 
ones; for mounting blocks on a microtome object 
disc; for squaring up blocks; for separating ribbons 
in a water bath . . . Hollow stainless steel handle 
doesn't heat up — easy to keep knife at the right 
temperature. When not in use lay knife in saddle 
rest—Blade UP indicates knife hot; Blade DOWN, 
knife cold. 


~lechnicon microslide dryer 


delivers slides ready for staining in 7 minutes! Just 
drop slides, in an Autotechnicon Slide Carrier, into the 
hatch, flip the switch and close the cover. A steady 
current of warm, filtered air blowing over the slides 
carries away all moisture, leaving them bone-dry and 
dust-free. The filter is replaceable. There's no distor- 
tion, either —- the warm clean air is well below the 
melting point of paraffin. 


~ technicon water bath 


Size: 1034" Diam; 3%” High 
Sturdy; durable; water and 
xylolproof finish. 

110 Volts AC - DC 


insures smooth, even spreading of your tissue ribbons. 
The water temperature is just right — never too hot or 
too cold, thermostatically held at any set temperature 
from 20 to 60 C. There's no melting paraffin to dis- 
tort tissues — no folds or wrinkles, no bubbles due to 
frequent water change. Temperature stays constant, 
day-in, day-out. And it's easy to see your sections 
against the dull finished black interior of the bath. 


THE TECHNICON COMPANY 
215 East 149th Street, New York 51, N. Y. 


Send me literature and prices on 


{| Technicon Paraffin Knife 
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10 Technicon Constant Temperature Water Bath 
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Truly 
broad-spectrum 
therapy in 

tasty 


teaspoonful 


ramyvein 


BRAND OF ONVTETRACYCLINE AMPHOTERIC 


oral suspension 


Pure, well-tolerated Terramycin in 
pleasant raspberry-flavored vehicle, 
Fach 5 ce. teaspoonful supplies 
250 mg. of truly broad-spectrum 
antibiotic effective against gram-positive and 
eram-negative bacteria, including the unportant 


Don't miss col-aerogenes group, rickettsiae, certain large 
Pfizer 


Npeetr ui 


appearing 
regularly in 
the J.A.M.A. 


viruses and protozoan organisms. 


world’s largest producer of antibiotics 
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